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ABSTRACT
S o y b e a n s ,  G l y c i n e  max (L.)  M e r r . ,  c v .  ' C e n t e n n i a l ' ,  g r o w n  on I b e r i a  
s i l t y  c l a y  ( f i n e ,  m o n t m o r i l l o n i t i c ,  t h e r m i c  V e r t i c  H a p l a q u o l l )  
r e s p o n d e d  t o  f o l i a r - a p p l i e d  Mn (0 .2  and  0.4 kg h a - * a s  Mn c h e l a t e ,
12% Mn) a n d  s o i l - a p p l i e d  Mn (1 5 .3  a n d  30 .6  kg  h a - * a s  MnSO^.Bt^O, 27.3% 
Mn). Mn d e f i c i e n c y  s y m p to m s  w e r e  c o r r e c t e d  b u t  r e a p p e a r e d  i n  f o l i a r -  
t r e a t e d  p l o t s  w i t h i n  t h r e e  w e e k s .  S ymptom s d i s a p p e a r e d  f o l l o w i n g  a 
s o a k i n g  r a i n  b u t  r e a p p e a r e d  a s  s o i l  d r i e d .
A g r e e n h o u s e  i n v e s t i g a t i o n  e v a l u a t e d  t h e  e f f e c t s  o f  12 l e v e l s  o f  
s o i l - a p p l i e d  Mn r a n g i n g  f r o m  0 t o  20.5 mg Mn k g - * s o i l  a s  M nSO^^i^O ,  
27.3% Mn, on g r o w t h  o f  s o y b e a n s .  Mn d e f i c i e n c y  s ym ptom s  a p p e a r e d  i n  
p l a n t s  when t h e  c o n c e n t r a t i o n  o f  Mn i n  l e a v e s  + s t e m s  w as  <16 mg k g - *. 
N o d u le  a c t i v i t y  t r e n d e d  t o w a r d  a maximum v a l u e  o f  445 n m o l e s  e t h y l e n e  
e v o l v e d  h r - * p l a n t - * a t  12.3 mg Mn k g - * s o i l .
A g r e e n h o u s e  i n v e s t i g a t i o n  e v a l u a t e d  e f f e c t s  o f  s o i l - a p p l i e d  Cu,
Zn ,  F e ,  Mn, and  P on g r o w t h  o f  C e n t e n n i a l  s o y b e a n s .  Dry m a t t e r  y i e l d  
t e n d e d  t o  i n c r e a s e  f o r  t r e a t m e n t s  i n  t h e  o r d e r :  Zn < c o n t r o l  < Fe < Cu < 
Mn < P. P h o s p h o r u s  d i d  n o t  c o r r e c t  s y m p to m s  o f  Mn d e f i c i e n c y .  Z i n c  w as  
n o t  d e f i c i e n t  a t  a  D T P A - T E A - e x t r a c t a b l e  l e v e l  o f  0 .5  mg k g - *.
S o i l  Mn was  s e p a r a t e d  i n t o  c h e m i c a l l y  d i f f e r e n t  f r a c t i o n s  by 
s e q u e n t i a l  e x t r a c t i o n s .  O r d e r  o f  Mn f r a c t i o n a t i o n  was  w a t e r - s o l u b l e ,
N N H ^ O A c -e x c h a n g e a b le ,  D T P A - T E A - c h e l a t a b l e ,  e a s i l y - r e d u c i b l e ,  
o r g a n i c a l l y - b o u n d ,  o x i d e s  o f  Mn, Mn a s s o c i a t e d  w i t h  a m o r p h o u s  Fe o x i d e s ,  
Mn a s s o c i a t e d  w i t h  c r y s t a l l i n e  Fe o x i d e s ,  and  r e s i d u a l  Mn f r o m  HC10^-HF- 
HC1 d i g e s t i o n .  Two a n n u a l  s o i l  a p p l i c a t i o n s  o f  Mn i n  t h e  f i e l d  
I n c r e a s e d  Mn c o n c e n t r a t i o n s  i n  e a c h  f r a c t i o n  e x c e p t  c r y s t a l l i n e  Fe
x
o x i d e s  a n d  r e s i d u a l .
P a r t i c l e  s i z e  d i s t r i b u t i o n  w as  10% s a n d ,  42% s i l t ,  a n d  48% c l a y .  
X - r a y  d i f f r a c t i o n  a n a l y s i s  show ed  s m e c t i t e s  c o m p r i s e d  77% c f  t h e  c l a y  
f r a c t i o n .
Mn d e f i c i e n c y  may be  f o u n d  i n  a s o y b e a n  c u l t l v a r  s e n s i t i v e  t o  low  
s o i l  Mn l e v e l s  g r o w i n g  on  a m o d e r a t e l y  o l d  M i s s i s s i p p i  R i v e r  f l o o d p l a l n  
s o i l .  C o n d i t i o n s  a s s o c i a t e d  w i t h  Mn d e f i c i e n c y  i n c l u d e :  (1)  m o d e r a t e l y  
a c i d  t o  a l k a l i n e  s u r f a c e  h o r i z o n  and  I n c r e a s i n g  pH w i t h  d e p t h ,  (2 )  h i g h  
e x c h a n g e  c a p a c i t y  and  b a s e  s a t u r a t i o n  e x c e e d i n g  a p p r o x i m a t e l y  70%, (3 )  
D T P A - T E A - e x t r a c t a b l e  s o i l  Mn < 3 .0  mg k g ” *,  ( 4 )  s o i l  o r g a n i c  m a t t e r  > 
2.3%, ( 3 )  c o n c e n t r a t i o n  o f  Mn i n  t o p ,  m a t u r e  t r i f o l i o l a t e  t i s s u e  < 14 mg 
k g ” *, ( 6 ) l e a f  t i s s u e  Fe:Mn r a t i o  > 3.4 and  (7 )  p r e d o m i n a n t l y  d ry  s o i l  
c o n d i t i o n s .
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INTRODUCTION
R e c e n t  e v e n t s  p e r t a i n i n g  t o  t h e  w o r l d w i d e  e n e r g y  c r i s i s ,  h a v e  
f o r c e d  a  r e e v a l u a t i o n  o f  N m a n a g e m e n t  i n  c r o p  p r o d u c t i o n ,  s i n c e  a 
r e s t r i c t e d  s u p p l y  o f  n a t u r a l  g a s  ( e s s e n t i a l  f o r  t h e  p r o d u c t i o n  o f  
f e r t i l i z e r - N )  t e n d s  t o  i n f l a t e  t h e  c o s t  o f  N f e r t i l i z a t i o n .  T h e r e f o r e ,  
r e e v a l u a t i o n  o f  t h e  r o l e  o f  N - f i x i n g  s p e c i e s ,  s u c h  a s  s o y b e a n s ,  a l f a l f a ,  
and  o t h e r  l e g u m i n o u s  c o v e r  c r o p s ,  h a s  b e e n  n e c e s s a r y .
One o f  t h e  l e a d i n g  c a s h  c r o p s  i n  t h e  U.S. i s  s o y b e a n s .  The 
i m p o r t a n c e  o f  s o y b e a n s  a s  a  m a j o r  c r o p  I n  t h e  S o u t h e r n  r e g i o n  (O k la h o m a ,  
T e x a s ,  A r k a n s a s ,  L o u i s i a n a ,  M i s s i s s i p p i ,  A la b a m a ,  G e o r g i a ,  F l o r i d a ,
S o u t h  C a r o l i n a ,  N o r t h  C a r o l i n a ,  V i r g i n i a ,  T e n n e s s e e ,  K e n tu c k y )  I s  s how n  
by  t h e  h a r v e s t e d  a r e a :  2 .5 ,  5 .8 ,  a n d  11.1 m i l l i o n  h e c t a r e s  i n  1959 ,
1969 ,  a n d  1979 ,  r e s p e c t i v e l y  (USDA, 1960;  1970;  1 980 ) .  H o w e v e r ,  
h a r v e s t e d  a r e a  h a s  d e c r e a s e d  t o  6,2 m i l l i o n  h e c t a r e s  i n  1986 ( L o u i s i a n a  
C o o p e r a t i v e  E x t e n s i o n  S e r v i c e ,  p e r s o n n a l  c o m m u n i c a t i o n )  due  t o  f a l l i n g  
s o y b e a n  p r i c e s  a n d  i n c r e a s i n g  p r o d u c t i o n  c o s t s .  A l s o ,  s e e d  y i e l d  h a s  
r e m a i n e d  a l m o s t  c o n s t a n t  w i t h  a r a n g e  o f  1277 t o  1982 kg  h a ” * i n  1984 i n  
t h e  S o u t h e r n  r e g i o n  (USDA, 1985) .
S o y b ean  p r o d u c e r s  h a v e  c u l t i v a t e d  s o i l s  o f  w i d e r  d i v e r s i t y  w i t h  
r e s p e c t  t o  c h e m i c a l  and  p h y s i c a l  p r o p e r t i e s  due  i n  p a r t  t o  r e c e n t  
p r e s s u r e s  f r o m  u r b a n i z a t i o n  and  t h e  p r o m i s e  o f  h i g h e r  p r i c e s  f o r  f a r m  
p r o d u c t s  I n  t h e  1 9 7 0 ' s .  M an g an es e  may r a n g e  f ro m  d e f i c i e n t  t o  e x c e s s i v e  
i n  some o f  t h e s e  s o i l s .  A l s o ,  b e f o r e  t h e  w i d e s p r e a d  u s e  o f  h l g h -  
a n a l y s i s  N-P-K f e r t i l i z e r s  t h e  p r o d u c e r  w as  u n i n t e n t i o n a l l y  s u p p l y i n g  
Mn, a n d  o t h e r  m i c r o n u t r i e n t s ,  a s  i m p u r i t i e s .  The r e s u l t  may be
1
2m i c r o n u t r i e n t  d e f i c i e n c i e s  i n  c r o p s  a n d  o n  s o i l s  w h e r e  n o n e  w e re  
p r e v i o u s l y  e x p e c t e d .
M a n g a n e s e  d e f i c i e n c y  o f  s o y b e a n s  i s  com m only  r e p o r t e d  I n  t h e  
A t l a n t i c  C o a s t a l  P l a i n ,  e s p e c i a l l y  i n  V i r g i n i a  and  t h e  C a r o l i n a s ,  a n d  
m ore  r e c e n t l y  i n  t h e  A t l a n t i c  F l a t w o o d  s o i l s  o f  F l o r i d a  ( R o b e r t s o n ,  e t  
a l . ,  1973)  a n d  G e o r g i a  ( B o s w e l l ,  e t  a l . ,  1981) ,  e s p e c i a l l y  on s o i l s  w i t h  
pH v a l u e s  a b o v e  6 .5 .  H o w e v e r ,  S e d b e r r y  e t  a l .  ( 1 9 8 3 )  f o u n d  no  
s i g n i f i c a n t  y i e l d  r e s p o n s e s  t o  s o i l  a p p l i c a t i o n s  o f  Mn f o r  s o y b e a n s  
g r o w n  on  t w o  s o i l  t y p e s ,  pH 7.6 and 8 . 2 ,  o f  t h e  Red R i v e r  a l l u v i u m  o f  
L o u i s i a n a .
The c o m p l e x i t y  o f  Mn c h e m i s t r y  i n  s o i l s  i s  w e l l  d o c u m e n t e d  and  h a s  
b e e n  r e v i e w e d  i n  c o n s i d e r a b l e  d e t a i l  ( M o r t v e d t  e t  a l . ,  1972) .  H ow ever ,  
t h e  n u m e r o u s  s o i l  f a c t o r s  w h i c h  make Mn a v a i l a b l e  f o r  p l a n t  u s e  a r e  n o t  
c o m p l e t e l y  u n d e r s t o o d .  The i n f l u e n c e  o f  o r g a n i c  m a t t e r  on p l a n t -  
a v a i l a b l e  Mn i s  d e s c r i b e d  by M o r t v e d t ,  e t  a l .  ( 1972 )  a n d  P a v a n n a s a s i v a m  
(1 9 7 3 ) .  M an g an es e  a v a i l a b i l i t y  t o  t h e  p l a n t  a l s o  d e p e n d s  on  o x i d a t i o n -  
r e d u c t i o n  p o t e n t i a l  o f  t h e  s o i l  (G o toh  and  P a t r i c k ,  1 9 7 2 ) ,  e f f e c t  o f  
a d d e d  f e r t i l i z e r s  on  n a t i v e  and  a p p l i e d  Mn ( M i s h r a  a n d  T r i p a t h i ,  1973) ,  
i n t e r a c t i o n  b e t w e e n  Mn and  Zn on  Mn u p t a k e  a n d  t r a n s l o c a t i o n  ( S i n g h  and  
S t e e n b e r g ,  1 974 ) ,  and t e m p e r a t u r e  ( T a k a a r ,  1969).  O t h e r  f a c t o r s  
c o n t r o l l i n g  a v a i l a b i l i t y  o f  Mn may be  s o i l  m a n a g e m e n t ,  s p e c i e s  and  
c u l t l v a r  u s e d ,  and  t y p e s  and  p r o p o r t i o n s  o f  c l a y  m i n e r a l s .
Mn p r o b l e m s  w i t h  s o y b e a n s  i n  L o u i s i a n a  w e r e  b e l i e v e d  t o  be 
r e s t r i c t e d  t o  t o x l c l t i e s  ( S e d b e r r y ,  e t  a l . ,  1983) .  R e c e n t l y ,  h o w e v e r ,
Mn d e f i c i e n c y  s y m p to m s  h a v e  b e e n  o b s e r v e d  i n  s o y b e a n s  g r o w i n g  on  I b e r i a  
s i l t y  c l a y  ( V e r t i c  H a p l a q u o l l )  o f  t h e  M i s s i s s i p p i  R i v e r  a l l u v i u m .  T h i s
3s o i l  h a d  n e a r  n e u t r a l  pH v a l u e s  and  v e r y  h i g h  e x c h a n g e a b l e  Ca and  Mg 
c o n t e n t s  t h r o u g h o u t  t h e  p r o f i l e ,  r e l a t i v e l y  h i g h  o r g a n i c  m a t t e r  c o n t e n t  
a n d  l o w  D T P A - e x t r a c t a b l e  Mn i n  t h e  s u r f a c e  h o r i z o n .  C o n c r e t i o n s  o f  
CaCOj w e r e  f o u n d  a t  a p p r o x i m a t e l y  50 cm b e l o w  t h e  s o i l  s u r f a c e .  The 
I n f o r m a t i o n  o b t a i n e d  f r o m  l e a f  t i s s u e  a n d  s o i l  s a m p l e s  f r o m  t h i s  
l o c a t i o n  s u g g e s t s  t h e  a c t i o n  o f  p r e v i o u s l y  u n r e p o r t e d  f a c t o r s  i n  
L o u i s i a n a  f o r  t h e  a p p e a r a n c e  o f  Mn d e f i c i e n c y  i n  s o y b e a n s .
Maximum s e e d  y i e l d  o f  s o y b e a n s  g r o w n  on I b e r i a  s i l t y  c l a y  i n  S t .  
M a r t i n  P a r i s h ,  L o u i s i a n a  i s  l i m i t e d  by t o t a l  s u p p l y  o f  Mn i n  t h e  r o o t  
z o n e ;  by d i s t r i b u t i o n  o f  Mn i n  t h e  s o i l  p r o f i l e ;  by d i s t r i b u t i o n  o f  Mn 
am ong p r o c e d u r a l l y - d e f i n e d  c h e m i c a l  f r a c t i o n s  o f  t h e  s o i l ;  by p a r t i c l e  
s i z e  d i s t r i b u t i o n  a n d  t y p e s  a n d  p r o p o r t i o n s  o f  c l a y s  i n  t h e  s o i l ;  by 
i n t e r a c t i o n s  b e t w e e n  s o i l  Mn and  o t h e r  s o i l  a n d  p l a n t  m a c r o -  and  
m i c r o n u t r i e n t  e l e m e n t s ;  by n o d u l e  a c t i v i t y  i n  r o o t s  o f  s o y b e a n s ;  by 
c h e m i c a l  a n d  b i o c h e m i c a l  r e a c t i o n s ,  i n f l u e n c e d  by o x i d a t i o n - r e d u c t i o n  
p o t e n t i a l  o f  t h e  s o i l ,  i . e .  , w e t t i n g / d r y i n g  c y c l e s .
O b j e c t i v e s  o f  t h e  p l a n n e d  r e s e a r c h  w e r e :
( 1 )  t o  d e t e r m i n e  t h e  e f f e c t  o f  s o i l -  v e r s u s  f o l i a r - a p p l i e d  Mn 
f e r t i l i z e r  f o r  t h e  c o r r e c t i o n  o f  p o s s i b l e  Mn d e f i c i e n c y  o f  
f i e l d - g r o w n  s o y b e a n s  on  I b e r i a  s i l t y  c l a y ;  a n d  t o  show 
t h e  p r o d u c e r  w h i c h  s y s t e m  o f  Mn f e r t i l i z a t i o n  i s  m ore  
e f f e c t i v e .
( 2 ) t o  d e t e r m i n e  p a r t i c l e  s i z e  a n d  c l a y  m i n e r a l  d i s t r i b u t i o n  
w i t h  d e p t h .
( 3 )  t o  d e t e r m i n e  t h e  e f f e c t s  o f  Mn a n d  o t h e r  e s s e n t i a l  
e l e m e n t s  a d d e d  t o  t h e  s o i l  on t h e  g r o w t h  a n d  c h e m i c a l
c o m p o s i t i o n  o f  g r e e n h o u s e - g r o w n  s o y b e a n s  a n d  t h e i r  N2 ~ 
f i x i n g  c a p a c i t y .
( 4 )  t o  c o m p a r e  I b e r i a  s i l t y  c l a y  ( p r i m a r y  l o c a t i o n )  w i t h  o t h e r  
l o c a t i o n s  i n  t h e  i m m e d i a t e  v i c i n i t y  w i t h  r e s p e c t  t o  
s o y b e a n  y i e l d ,  a n d  c o n c e n t r a t i o n s  o f  n u t r i e n t  e l e m e n t s  i n  
p l a n t  t i s s u e  and  s o i l .
( 5 )  t o  d e t e r m i n e  t h e  i n f l u e n c e  o f  Mn t r e a t m e n t s  on 
d i s t r i b u t i o n  o f  Mn among s o i l  f r a c t i o n s  o r  p o o l s .
R e s u l t s  o f  t h e  r e s e a r c h  may show  t h e  p r o d u c e r  w h i c h  m e th o d  o f  
a p p l i c a t i o n  a n d  c o r r e s p o n d i n g  r a t e s  o f  Mn t o  a p p l y  f o r  g r o w i n g  s o y b e a n s  
on t h i s  s o i l  t y p e .  S p a c i a l  v a r i a b i l i t y  a n d  d i f f e r e n c e s  i n  c u l t i v a r  
r e s p o n s e  may come f r o m  c o m p a r i n g  r e s u l t s  o f  s e e d  y i e l d ,  t i s s u e  t e s t ,  and  
s o i l  t e s t  d a t a  f ro m  f i e l d s  i n  t h e  v i c i n i t y  o f  t h e  p r i m a r y  t e s t  s i t e .  
R e s u l t s  o f  g r e e n h o u s e  e x p e r i m e n t s  ( o b j e c t i v e s  3 and  4)  may d e t e r m i n e  t h e  
i n f l u e n c e  o f  o t h e r  m a c r o n u t r i e n t  and  m i c r o n u t r i e n t  e l e m e n t s  o n  t h e  
g r o w t h  o f  s o y b e a n s ,  show s y n e r g i s m  o r  a n t a g o n i s m  t o  Mn o f  one  o r  m o r e  o f  
t h e s e  e l e m e n t s ,  and  c o n t r i b u t e  t o  d e f i n i n g  t h e  c r i t i c a l  s o i l  and  t i s s u e  
t e s t  v a l u e s  o f  Mn. The l a t t e r  may s e r v e  t o  s u p p o r t  o r  m o d i f y  c r i t i c a l  
s o i l  a n d  t i s s u e  t e s t  v a l u e s  o b t a i n e d  i n  f i e l d  e x p e r i m e n t s .
LITERATURE REVIEW
P l a n t  p h y s i o l o g y  and  b i o c h e m i s t r y  o f  Mn
Mn l a  e s s e n t i a l  f o r  t h e  g r o w t h  a n d  r e p r o d u c t i o n  o f  p l a n t s .
R e s e a r c h  on  t h e  p h y s i o l o g i c a l  r o l e  o f  Mn w a s  p u b l i s h e d  I n  1897 by G. 
B e r t r a n d  a s  r e p o r t e d  by S h k o l n i k  (1 9 8 4 ) .  The l a r g e s t  a m o u n t  o f  Mn i n  
p l a n t  c e l l s  I s  c o n c e n t r a t e d  i n  t h e  c y t o p l a s m ,  a n d  among  c e l l  o r g a n e l l e s ,  
t h e  c h l o r o p l a s t s  a r e  t h e  r i c h e s t  i n  Mn. A c c o r d i n g  t o  B o i c h e n k o  (1 9 6 8 )  
t h e  o x i d a t i o n - r e d u c t i o n  p o t e n t i a l  o f  t h e  Mn^+— Mn^+ s y s t e m  (+1.09  V.) i s  
s u f f i c i e n t  f o r  t h e  r e l e a s e  o f  a  f r e e  o x y g e n  a to m  f r o m  a m o l e c u l e  o f  
w a t e r .  No o t h e r  s y s t e m  known t o  e x i s t  i n  p l a n t s  can  d r i v e  t h e  
p h o t o l y s i s  o f  w a t e r .  I n  f a c t ,  Mn I s  a n  a c t i v a t o r  o f  a  n u m b e r  o f  
e n z y m e s ,  I n c l u d i n g  t h o s e  w h ic h  c a t a l y z e  o x i d a t i o n - r e d u c t i o n  r e a c t i o n s ,  
c a r b o x y l a t i o n ,  h y d r o l y s i s ,  and  g r o u p  t r a n s f e r  r e a c t i o n s .  I n  s u m m a ry ,  
t h e  e v i d e n c e  c o n v i n c i n g l y  s h o w s  t h a t  t h e  p r i n c i p l e  r o l e  o f  Mn i n  p l a n t s  
i s  i n  p h o t o s y n t h e t i c  r e a c t i o n s  ( E m e r s o n  a n d  L e w i s ,  1939;  Brown e t  a l . ,  
1 9 5 8 ) .
The r a t e  o f  p h o t o s y n t h e s i s  a t  h i g h  a m b i e n t  t e m p e r a t u r e s  a n d  d u r i n g  
d r o u g h t  g e n e r a l l y  d e c r e a s e s .  T h i s  d e p r e s s i o n  o f  p h o t o s y n t h e t i c  a c t i v i t y  
i s  l e s s  s e v e r e  f o r  p l a n t s  w h i c h  r e c e i v e  a d e q u a t e  s u p p l i e s  o f  Mn 
( s i m i l a r l y  B a n d  Zn). S h k o l n i k  (1984 )  a t t r i b u t e s  i n c r e a s e d  h e a t  
t o l e r a n c e  t o  a  l e s s e r  d e g r e e  o f  i n a c t i v a t i o n  o f  p l a s t i d s  a n d  e n z y m e s  and 
p o s i t i v e  e f f e c t s  o f  Mn on t h e  r a t e  o f  t r a n s l o c a t i o n  o f  a s s i m i l a t e s .
I t  i s  n o t  known t o  w h a t  e x t e n t  Mn p a r t i c i p a t e s  I n  s y m b i o t i c  N 
f i x a t i o n  i n  s o y b e a n s ,  b u t  i t  i s  r e q u i r e d  f o r  t h e  g r o w t h  o f  R h i z o b i a  
( W i l s o n  and  R e i s e n a u r ,  1970).
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6M a n g a n e s e  i s  a l s o  r e q u i r e d  f o r  r e s p i r a t o r y  p r o c e s s e s  i n  p l a n t s .  
E v i d e n c e  f o r  t h i s  w as  p r o v i d e d  by L u n d e g a r d h  i n  1939  ( S h k o l n i k ,  1 9 8 4 ) ,  
who s h o w e d  I n c r e a s e s  i n  r o o t  u p t a k e  o f  o x y g e n  by  a s  much a s  470% w i t h  
a d d i t i o n s  o f  Mn. S u p p o r t i n g  e v i d e n c e  w a s  s u p p l i e d  by K e s s l e r  (1 957)  
a n d  S k v o r t s o v  ( 1 9 5 0 ) .
H e i n t z e  (1 9 4 6 )  p r o d u c e d  s y m p to m s  o f  Mn d e f i c i e n c y ,  " m a r s h  s p o t " ,  i n  
p e a s  g r o w i n g  on  M n - r i c h  s o i l s  by i n j e c t i n g  p l a n t s  w i t h  N O ^ - N .  W h i l e  
c i r c u m s t a n t i a l  i n  n a t u r e ,  t h e  i m p o r t a n c e  o f  Mn f o r  t h e  r e d u c t i o n  o f  
n i t r a t e s  I n  p e a s  i s  i n d i c a t e d  by t h e  f a c t  t h a t  " m a r s h  s p o t "  d i s e a s e  i s  
w i d e s p r e a d  on s o i l s  o f  low  e x c h a n g e a b l e  Mn and  h i g h  NO^ ' -N  c o n t e n t  
( S h k o l n i k ,  1 9 8 4 ) .
M an g an es e  h a s  b e e n  fo u n d  t o  be  n e c e s s a r y  f o r  f u l l  a c t i v i t y  o f  
en z y m e s  i n v o l v e d  i n  a m in o  a c i d  m e t a b o l i s m  ( E l l i o t ,  1953) ,  a n d  f o r  f u l l  
a c t i v i t y  o f  h y d r o x y l a m i n e  r e d u c t a s e  (N ason  e t  a l . ,  1954) .
M anganese  a n d  s o i l  f e r t i l i t y
M ost  a g r i c u l t u r a l  s o i l s  show  e i t h e r  a n  o v e r a b u n d a n c e  o f  Mn i n  t h e i r  
p r o f i l e s  o r  a t  t h e  v e r y  l e a s t  a s u f f i c i e n c y  b a s e d  o n  c r o p  r e s p o n s e .  
H o w e v e r ,  i n  s i t u a t i o n s  w h e r e  a  d e f i c i e n c y  o f  t h e  e l e m e n t  o c c u r s  t h e  
e c o n o m i c  e f f e c t  on t h e  p r o d u c e r  c a n  be  v e r y  s e v e r e .
M i t c h e l l  ( 1 9 7 1 )  r e p o r t s  a  mean v a l u e  o f  1000 mg Mn kg  * s o i l  upon 
t o t a l  a n a l y s i s  o f  many s u r f a c e  h o r i z o n s .  D e p e n d in g  on t h e  p a r e n t  
m a t e r i a l ,  t h e  v a l u e s  may r a n g e  f r o m  200  -  5000 mg kg *. K r a u s k o p f  
( 1 9 7 2 )  e x t e n d s  t h e  r a n g e  t o  20 -  6000  mg k g - *.
S e d b e r r y  e t  a l .  (1978 )  d e t e r m i n e d  t o t a l  Mn a n d  Mn e x t r a c t e d  w i t h  
DTPA-TEA ( d i e t h y l e n e  t r i a m i n e  p e n t a a c e t i c  a c i d ,  t r i e t h a n o l a m i n e )  i n  t h e  
p r o f i l e s  o f  s e l e c t e d  s o i l s  f r o m  s i x  p h y s i o g r a p h i c  a r e a s  i n  L o u i s i a n a .
7T o t a l  Mn a p p e a r e d  t o  v a r y  more  w i t h  p a r e n t  m a t e r i a l  and  c l a y  c o n t e n t  
t h a n  w i t h  t h e  s o i l  r e a c t i o n  o r  o r g a n i c  m a t t e r  c o n t e n t .  The  r a n g e  i n  
t o t a l  Mn f o r  a l l  h o r i z o n s  a n d  s o i l s  w as  b e t w e e n  25  a n d  2229 mg k g - *. 
D T P A - e x t r a c t a b l e  Mn i n  t h e  s u r f a c e  h o r i z o n s  o f  s o i l s  o f  M i s s i s s i p p i  
R i v e r  a l l u v i u m  r a n g e d  f r o m  7.0 t o  72.2 mg k g - *,  a n d  o f  t o t a l  Mn f r o m  
198 t o  837 mg k g - *. D T P A - T E A - e x t r a c t a b l e  Mn w as  h i g h l y  c o r r e l a t e d  w i t h  
s o i l  o r g a n i c  m a t t e r .
Mn d e f i c i e n c y  o f  s o y b e a n s  h a s  b e e n  w e l l - d o c u m e n t e d  (D eT u rk ,  1941;  
N e l s o n  and  B a r b e r ,  1964;  S h e r m a n ,  1957) ,  and  h a s  b e e n  r e p o r t e d  i n  t h e  
A t l a n t i c  C o a s t a l  P l a i n  o f  V i r g i n i a  and t h e  C a r o l i n a s  ( K a m p r a t h ,  1 9 7 4 ) ,  
i n  t h e  A t l a n t i c  F l a t w o o d  s o i l s  o f  F l o r i d a  ( R o b e r t s o n  e t  a l . , 1973) ,  and  
i n  G e o r g i a  ( B o s w e l l  e t  a l .  1981) .  H ow ever ,  r e c e n t  f i e l d  s t u d i e s  i n  
L o u i s i a n a  h a d  shown t h e  l a c k  o f  s i g n i f i c a n t  r e s p o n s e  by s o y b e a n s  t o  
a p p l i e d  Mn ( S e d b e r r y  e t  a l . ,  1983) .  C o n d i t i o n s  f a v o r i n g  Mn t o x i c i t y  
w e r e  c o n s i d e r e d  m ore  common. Foy (1964 )  a l s o  i n d i c a t e d  Mn t o x i c i t y  a s  a 
g r o w t h  i n h i b i t i n g  f a c t o r  on 9 o f  17 s o i l s  o f  t h e  S o u t h e a s t e r n  U.S. 
t e s t e d .
Mn d e f i c i e n c y  h a s  b e e n  f o u n d  i n  c r o p s  g r o w i n g  on s o i l s  o f  a l l  
t e x t u r e s  f r o m  s a n d s  t o  c l a y s ,  a s  w e l l  a s  on p e a t s ,  a n d  on w e l l - d r a i n e d  
and p o o r l y - d r a i n e d  s o i l s  ( B a t e y ,  1971;  B o s w e l l  e t  a l . , 1 9 6 1 ;  R o b e r t s o n  e t  
a l . ,  1973).  I n t e r p r e t a t i o n s  o f  t h e s e  a p p a r e n t l y  c o n f l i c t i n g  r e s u l t s  
show  k n o w l e d g e  o f  how and  when Mn d e f i c i e n c y  i s  e x p e c t e d  b u t  s e l d o m  why 
i t  o c c u r s .
G e n e r a l l y ,  Mn d e f i c i e n c y  p r o b l e m s  o f  s o y b e a n s  i n  t h e  S o u t h e r n  
r e g i o n  a r e  t o  be  f o u n d  on s a n d y  s o i l s ,  l i m e d  t o  pH v a l u e s  n e a r  
n e u t r a l i t y  w i t h  l o w  e x c h a n g e  c a p a c i t i e s  a n d  h i g h  w a t e r  t a b l e s
8( B o s w e l l  e t  a l . ,  1 9 8 1 ;  C o x ,  1 9 6 8 ;  O h k l ,  1 9 7 6 ;  O h k i  e t  a l . ,  1 9 7 7 ;  1 9 7 9 ) .  
B o s w e l l  ( 1 9 8 1 )  f o u n d  t h a t  u n d e r  t h e s e  c o n d i t i o n s  a p p l i e d  Mn r a t e s  
a f f e c t e d  s e e d  y i e l d ,  s o i l  Mn, t i s s u e  Mn, a n d  s e e d  Mn c o n c e n t r a t i o n s  more  
t h a n  m e t h o d s  o f  a p p l i c a t i o n  ( b r o a d c a s t ,  b a n d e d  a t  p l a n t i n g ,  s l d e d r e s s e d ,  
f o l i a r ) .  W i l s o n  e t  a l .  ( 1 9 8 1 )  r e p o r t e d  t h a t  a l l  o f  t h e  b r o a d c a s t  Mn 
a p p l i e d  t o  a v e r y  f i n e  s a n d  r e m a i n e d  i n  t h e  r o o t i n g  z o n e .  S i n c e  s o y b e a n  
p l a n t s  a c c u m u l a t e d  o n l y  a  s m a l l  f r a c t i o n  o f  a p p l i e d  Mn i n  t h e i r  f o l i a g e ,  
d e s p i t e  t h e  f a c t  t h a t  som e p l a n t s  w e r e  u n d e r  s e v e r e  Mn d e f i c i e n c y  
s t r e s s ,  t h e s e  r e s u l t s  e m p h a s i z e  t h e  i n e f f i c i e n t  u t i l i z a t i o n  o f  b r o a d c a s t  
Mn. P e r h a p s  o t h e r  m e t h o d s  o f  a p p l i c a t i o n ,  s u c h  a s  f o l i a r  o r  b a n d ,  
s h o u l d  r e s u l t  i n  m o re  e f f i c i e n t  u s e  o f  a p p l i e d  Mn.
T h e r e  may be  c o n d i t i o n s  u n d e r  w h i c h  Mn a m e n d m e n t s  a r e  n o t  
n e c e s s a r y .  L e e p e r  (194 7) d e s c r i b e s  t h e  " w a t e r l o g - d r a i n "  m e th o d  o f  
t r e a t i n g  Mn d e f i c i e n c i e s .
S o i l  a p p l i c a t i o n s  o f  Mn s u l f a t e ,  Mn o x i d e ,  a n d  Mn f r i t  w e r e  
s a t i s f a c t o r y  f o r  t h e  c o r r e c t i o n  o f  Mn d e f i c i e n c y  i n  s o y b e a n s ,  b u t  Mn 
c h e l a t e  a p p l i e d  t o  t h e  s o i l  w as  n o t  (Shuman e t  a l . ,  1979) .  F i t t s  e t  
a l .  ( 1 9 6 7 )  r e p o r t e d  t h e  f o l l o w i n g  o r d e r  i n  a v a i l a b i l i t y  f o r  Mn s o u r c e s  
a c c o r d i n g  t o  p l a n t  Mn: MnSO^ > MnO > MnCO^ > MnC>2 > none  > MnEDTA (Mn
c h e l a t e  o f  e t h y l e n e  d i a m i n e  t e t r a a c e t i c  a c i d ) .  L o s s  o f  Mn f r o m  MnEDTA 
i n  c o n t a c t  w i t h  s o i l  w a s  s how n  t o  be c o m p l e t e  w i t h i n  tw o  d a y s  (Ryan and  
H a r i q ,  1983) .  S u p p o r t i n g  e v i d e n c e  f o r  t h e  i n s t a b i l i t y  o f  Mn c h e l a t e s  i n  
t h e  s o i l  i s  f o u n d  i n  d e s c r i p t i o n s  o f  t h e i r  c h e m i s t r y  (Khan,  1969;  
W a l l a c e ,  1962a ;  1962b; 1 962c ) .  I n  O h io ,  K r o e t z  e t  a l .  ( 1 9 7 7 )  f o u n d  
s i m i l a r  y i e l d s  w hen  f i n e l y  d i v i d e d  m a n g a n e s e  o x i d e  w as  s u b s t i t u t e d  f o r
m a n g a n e s e  B u l f a t e  a t  t h e  s a m e  r a t e  o f  Mn. They  a l s o  r e p o r t e d  t h a t  a 
s o y b e a n  y i e l d  o f  56  k g  h a - 1  r e q u i r e s  o n l y  70 g  h a - 1  o f  Mn.
D i a g n o s t i c  t e c h n i q u e s  ( v i s u a l  s y m p to m s)
R e c o g n i t i o n  o f  Mn d e f i c i e n c y  s y m p to m s  o f  a f f e c t e d  p l a n t s  I s  a n  
i m p o r t a n t  d i a g n o s t i c  t o o l .  D e s c r i p t i o n s  and c o l o r  p l a t e s  a r e  p r e s e n t e d  
by DeTurk ( 1 9 4 1 )  a n d  M c M u r t r e y  (1 9 4 8 ) .  I n t e r v e i n a l  c h l o r o s i s  o f  t h e  
y o u n g e r  l e a f l e t s  o f  s o y b e a n  p l a n t s  w i t h  v e i n s  r e m a i n i n g  g r e e n  i n d i c a t e s  
p o s s i b l e  Mn o r  Fe d e f i c i e n c y .  S i n c e  Fe i s  l e s s  m o b i l e  i n  t h e  p l a n t  t h a n  
Mn, c h l o r o s i s  d u e  t o  Fe d e f i c i e n c y  i s  c o n f i n e d  t o  t h e  y o u n g e r  l e a v e s ,  
t h e  o l d e r  l e a v e s  r e m a i n i n g  g r e e n .  Romney a n d  T o t h  (1954)  r e p o r t  
r e t r a n s l o c a t l o n  o f  a c c u m u l a t e d  ^ M n  f r o m  o l d e r  t o  y o u n g e r  t i s s u e ,  b u t  
y o u n g e r  t i s s u e  i s  s t i l l  t h e  p r e f e r r e d  s i n k  f o r  n e w l y  a b s o r b e d  Mn. 
T h e r e f o r e ,  e v e n l y - d i s t r i b u t e d  i n t e r v e i n a l  c h l o r o s i s  a p p e a r s  o n  t h e  Mn- 
d e f i c i e n t  p l a n t ,  w h i l e  i n t e r v e i n a l  c h l o r o s i s  o f  y o u n g e r  l e a v e s  a p p e a r s  
on  t h e  F e - d e f i c i e n t  p l a n t .
Ohki ( 1 9 7 6 )  h a s  p r o p o s e d  a s y s t e m  f o r  m e a s u r i n g  t h e  d e g r e e  o f  Mn 
d e f i c i e n c y  i n  s o y b e a n s ,  r a n g i n g  f r o m  1,  no  s y m p t o m s ,  t o  5 ,  v e r y  s e v e r e .  
The  u t i l i t y  o f  t h i s  s y s t e m  w as  m o d i f i e d  by i n v e s t i g a t i n g  c u l t i v a r  
s e n s i t i v i t y  t o  l e v e l s  o f  Mn d e f i c i e n c y  s t r e s s  (O hk i  e t  a l . ,  1980) .
T h u s ,  s o y b e a n  c u l t i v a r s  r e s p o n d e d  d i f f e r e n t l y  t o  v a r y i n g  l e v e l s  o f  Mn i n  
n u t r i e n t  s o l u t i o n .  V a r i a b l e  c u l t i v a r  s e n s i t i v i t y  t o  Mn d e f i c i e n c y  
s t r e s s  w a s  c o n f i r m e d  i n  L o u i s i a n a  i n  f i e l d  t r i a l s  ( T o r r e s - O r t i z ,  1965) .  
D i a g n o s t i c  t e c h n i q u e s  ( t i s s u e  a n a l y s i s )
A n a l y s i s  o f  p l a n t  p a r t s  f o r  c o n c e n t r a t i o n  o f  a  n u t r i e n t  e l e m e n t  c a n  
be  a  v a l u a b l e  d i a g n o s t i c  t o o l .  The  c r i t i c a l  t i s s u e  c o n c e n t r a t i o n  o f  a  
g i v e n  n u t r i e n t  e l e m e n t  i s  o f t e n  d e f i n e d  a s  t h e  c o n c e n t r a t i o n  b e l o w  w h i c h
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a  10% r e d u c t i o n  i n  y i e l d  i s  r e c o r d e d  ( U l r i c h  and  H i l l s ,  1973) ,  Y i e l d  i s  
t a k e n  a s  d r y  m a t t e r ,  s e e d  y i e l d ,  o r  w h a t e v e r  i s  m o s t  m e a n i n g f u l  or  
c o n v e n i e n t .  The c r i t i c a l  v a l u e  f o r  Mn c o n c e n t r a t i o n  i n  t h e  l e a f  t i s s u e  
o f  s o y b e a n s  i s  r e p o r t e d  a s  10 mg k g - * (O hk i ,  1976; Ohki e t  a l . , 1 9 7 7 ) ,
11 mg k g - * (Ohki e t  a l . , 1979) ,  12 mg kg - 1  (Shuman e t  a l . ,  1980) ,  17 
mg k g - * ( G e t t i e r  e t  a l . ,  1 9 8 5 ) ,  a n d  20 mg k g - 1  ( O h k i  e t  a l . ,  1 9 7 7 ) .
The r a n g e  o f  r e p o r t e d  v a l u e s  i s  a c t u a l l y  w i d e r  t h a n  10 -  20 mg kg- * .
The d e s c r i p t i o n s  c o n t a i n e d  i n  t h e s e  r e p o r t s  r e p r e s e n t  t h e  d e p e n d e n c e  o f  
c r i t i c a l  v a l u e s  on g r o w i n g  c o n d i t i o n s  ( g r e e n h o u s e  v e r s u s  f i e l d ,  s o l u t i o n  
v e r s u s  s o i l  c u l t u r e ,  e t c . ) ,  c u l t i v a r  u s e d ,  p h y s i o l o g i c a l  a g e  o f  t h e  
p l a n t ,  and t h e  p o s i t i o n  on t h e  p l a n t  o f  s a m p l e d  t i s s u e .  I n  f a c t ,  t h e  
c o n c e p t  o f  " c r i t i c a l  v a l u e "  may n o t  be a b s o l u t e .  S a m p l in g  p l a n t  t i s s u e  
s e v e r a l  t i m e s  d u r i n g  t h e  g r o w i n g  s e a s o n ,  c r o p  l o g g i n g ,  c a n  show r e l a t i v e  
c h a n g e s  i n  t i s s u e  n u t r i e n t  c o n c e n t r a t i o n .  C o r r e c t i v e  m e a s u r e s  may t h e n  
be i n d i c a t e d  e v e n  th o u g h  c r i t i c a l  t i s s u e  c o n c e n t r a t i o n  was  n o t  r e a c h e d .  
D i a g n o s t i c  t e c h n i q u e s  ( s o i l  a n a l y s i s )
R e s e a r c h  h a s  a l s o  a d d r e s s e d  c r i t i c a l  s o i l  v a l u e s  o f  Mn. Shuman e t  
a l .  (1980)  r e p o r t  t h a t  0 .22 mg kg- * o f  Mn e x t r a c t e d  w i t h  DTP A-TEA, pH 
7.3 ,  f r o m  a s a n d y  s o i l  i s  c r i t i c a l  f o r  t h e  p r o d u c t i o n  o f  s o y b e a n s .  
L i n d s a y  and  N o r v e l l  (1969;  1978) r e p o r t  1.0 mg kg~* a s  a c r i t i c a l  v a l u e  
f o r  D T P A - e x t r a c t a b l e  Mn f ro m  C o l o r a d o  s o i l s .  M anganese  d e f i c i e n c y  i n  
o a t s  g e n e r a l l y  o c c u r s  i f  t h e  l e v e l  o f  Mn e x t r a c t e d  f r o m  s o i l  w i t h  N 
NH^OAc i s  b e l o w  1.0 mg k g - 1  ( M i t c h e l l ,  1971). M e h l i c h  (1957 )  
recommended  t h a t  Mn f e r t i l i z e r s  be a p p l i e d  t o  s o i l s  w i t h  pH v a l u e s  
g r e a t e r  t h a n  6.2 and  t e s t i n g  l e s s  t h a n  19 mg k g - * o f  d o u b l e - a c i d  
e x t r a c t a b l e  Mn (0 .05  N HC1 i n  0.025 N H2SO4 ). The a r r a y  o f  c h o i c e s  f o r
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c r i t i c a l  s o i l  t e s t  v a l u e s  f o r  Mn i s  n o  l e s s  b e w i l d e r i n g  t h a n  f o r  
c r i t i c a l  t i s s u e  t e s t  v a l u e s .
N u t r i e n t  e l e m e n t  i n t e r a c t i o n s  w i t h  Mn
N u t r i e n t  e l e m e n t  s y n e r g i s m s  a n d  a n t a g o n i s m s  a r e  known f o r  a g r o n o m i c  
c r o p s .  Aso ( 1 9 0 2 )  d e m o n s t r a t e d  t h e  s u p p r e s s i o n  o f  Mn a c c u m u l a t i o n  i n  
p e a s ,  r a d i s h ,  w h e a t  and  b a r l e y  by  t h e  a d d i t i o n  o f  Fe com pounds  t o  t h e  
g r o w t h  m edium.  S o m e r s  a n d  S h i v e  ( 1 9 4 2 )  c i t e  r e s e a r c h  w h i c h  p l a c e s  t h e  
o p t i m u m  c u l t u r e - m e d i u m  r a t i o  f o r  Fe:Mn a t  2 .5 :1 .  M oraghan  (1985 )  
c o n c l u d e d  t h a t  c h l o r o s i s  o b s e r v e d  i n  s o y b e a n s  g r o w i n g  on c a l c a r e o u s  
s o i l  i n  N o r t h  D a k o t a  w as  d u e  t o  Mn d e f i c i e n c y  i n d u c e d  by lo w  s o i l  
t e m p e r a t u r e  c o m b i n e d  w i t h  s o i l  am m endm ent  w i t h  FeEDDHA ( f e r r i c  c h e l a t e  
o f  e t h y l e n e d i a m i n e  ( d i ( o - h y d r o x y p h e n y l a c e t i c  a c i d ) ) ) .  M anganese  
d e f i c i e n c y  s y m p to m s  w e r e  l e s s  s e v e r e  f o r  p l a n t s  h a v i n g  5 mg Mn kg - 1 i n  
l e a v e s  when t h e r e  w as  l e s s  Fe i n  t h e  l e a v e s  t o  c a u s e  a n t a g o n i s m .  Mn 
a n d  Zn i n t e r a c t  a n t a g o n i s t i c a l l y  i n  t h e  g r o w t h  o f  r i c e  p l a n t s  ( I s h i z u k a  
a n d  Ando,  1968) .  C o p p e r  s t i m u l a t e d  s t r o n g l y  t h e  u p t a k e  o f  Mn f r o m  
s o l u t i o n  i n  t h e  r o o t s  a n d  s h o o t s  o f  f a b a  b e a n s  ( W a l l a c e  a n d  Romney,
1977) .  I n  c o n t r a s t  R o b e r t s o n  e t  a l .  ( 1 9 7 3 )  f o u n d  r e s p o n s e s  o f  s o y b e a n s  
t o  Mn o r  Cu f o r  s o y b e a n s  g r o w i n g  on  Myakka f i n e  s a n d  ( A e r i e  H a p la q u o d )  
b u t  n o  i n t e r a c t i o n  b e t w e e n  Mn and  Cu t r e a t m e n t s .  W a l l a c e  a n d  Romney 
( 1 9 8 0 )  showed  m u l t i p l e  i n t e r a c t i o n s  i n  t h e  s o l u t i o n  c u l t u r e  o f  b u s h  
b e a n s  (P h a s e o l u s  v u l g a r i s  L. cv .  I m p r o v e d  T e n d e r g r e e n ) .  R u s s e l l  ( 1 9 6 1 ,  
p.  4 7 )  r e p o r t e d  no  r e s p o n s e  o f  p o t a t o e s  t o  Mn, s l i g h t  r e s p o n s e  t o  Zn,  
and  a  v e r y  much g r e a t e r  r e s p o n s e  t o  t h e  a p p l i c a t i o n  o f  Mn a n d  Zn.
Mn m i n e r a l o g y
M cK enzie  (1977 )  d i s c u s s e d  t h e  p r i n c i p l e  M n - c o n t a i n i n g  m i n e r a l s
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f o u n d  i n  s o i l s ,  t h e i r  s t r u c t u r e s  and  i d e n t i f i c a t i o n .  W h i l e  t h e  s u b j e c t  
I s  t r e a t e d  r e l a t i v e l y  b r i e f l y ,  h e  c o n c l u d e d  t h a t  "d u e  t o  t h e  s m a l l  
a m o u n t s  o f  Mn m i n e r a l s  i n  s o i l s ,  X - r a y  d i f f r a c t i o n  m e t h o d s  c a n  be u s e d  
o n l y  w h e r e  n a t u r a l  s e g r e g a t i o n s  o f  t h e  m i n e r a l s  o c c u r . . . .  Even  t h e n  t h e  
d i f f u s e  n a t u r e  o f  t h e  X - r a y  d i f f r a c t i o n  p a t t e r n s  o f  some o f  t h e  m i n e r a l s  
and  t h e  c o i n c i d e n c e  o f  d i a g n o s t i c  l i n e s  w i t h  t h o s e  o f  o t h e r  m i n e r a l s  
n e c e s s i t a t e s  some c o n c e n t r a t i o n  p r e t r e a t m e n t  t o  p e r m i t  p o s i t i v e  
i d e n t i f i c a t i o n s  t o  be  made ."  A l s o ,  Mn o x i d e s  o c c u r  i n  s o i l s  a s  c o a t i n g s  
o n  o t h e r  s o i l  p a r t i c l e s ,  d e p o s i t e d  I n  c r a c k s  and  v e i n s  and  a s  n o d u l e s  
up t o  2 cm. i n  d i a m e t e r  i n  c o m b i n a t i o n  w i t h  Fe and  o t h e r  e l e m e n t s .
S i n c e  i t  i s  d i f f i c u l t  t o  i d e n t i f y  M n - b e a r i n g  m i n e r a l s  i n  s o i l s  o f  
v e r y  l o w  Mn c o n t e n t ,  t h e  r e s e a r c h e r  m u s t  e x a m i n e  s o i l  f o r  t h o s e  m i n e r a l  
c o m p o n e n t s  w i t h  w h i c h  Mn com pounds  a r e  a s s o c i a t e d .  The m o s t  c h e m i c a l l y  
a c t i v e  o f  t h e s e  m i n e r a l  f r a c t i o n s  a r e  t h e  c l a y s .  And, when t h e  s o i l  h a s  
a  h i g h  s h r i n k - s w e l l  c a p a c i t y ,  s u c h  a s  t h e  I b e r i a  s i l t y  c l a y  o f  t h i s  
i n v e s t i g a t i o n ,  s p e c i a l  a t t e n t i o n  s h o u l d  be  d i r e c t e d  t o w a r d  t h e  c l a y  
m i n e r a l s  o f  t h e  m o n t m o r i l l o n i t e  g r o u p .  At l e a s t  a  p o r t i o n  o f  t h e  s o i l  
Mn may be l o c a t e d  a t  t h e  e x c h a n g e  c o m p l e x  o f  t h i s  m i n e r a l ,  d u e  i n  p a r t  
t o  i t s  l a r g e  c a p a c i t y .  MacEwan ( 1 9 6 1 ) ,  r e p o r t e d  w ork  by M a r s h a l l  ( 1 9 3 5 )  
a n d  H e n d r i c k s  (1942 )  on t h e  s t r u c t u r e  o f  m o n t m o r l l l o n l t e s .  He a s c r i b e s  
t h e  l a r g e  c a t i o n  e x c h a n g e  c a p a c i t y  o f  t h i s  c l a s s  o f  c l a y s ,  i n  p a r t ,  t o
t h e  p e n e t r a t i o n  o f  c a t i o n s  b e t w e e n  t h e  l a y e r s  o f  t h e  m i n e r a l .
D e s c r i b i n g  t h e  v a r i o u s  u s e s  t o  w h i c h  t h e  nam e ,  m o n t m o r i l l o n i t e ,  h a s  b een
p u t  MacEwan p r e f e r s  a  m o re  g e n e r i c  nam e,  s u c h  a s  s m e c t i t e .
S u r f a c e  c h e m i s t r y  o f  m a n g a n e s e  oxldeB
The s u r f a c e  c h e m i c a l  p r o p e r t i e s  o f  m a n g a n e s e  d i o x i d e  w e r e  s t u d i e d
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I n  d e t a i l  by Morgan and  Stumm ( 1 9 6 4 ) .  A n a l y s i s  o f  t h e i r  p r e p a r a t i o n s  o f
m a n g a n e s e  o x i d e  s h o w e d  t h e  c o m p o s i t i o n  t o  be  M nO^ 9 0 - 1 . 9 5 * T h u s ,  1:2
s t o i c h i o m e t r y  o f  Mn t o  o x y g e n  w as  n o t  p r e s e r v e d .  The m a n g a n e s e  o x i d e
p r e p a r a t i o n s  show ed  a  l o w  d e g r e e  o f  c r y s t a l l i n l t y  a n d  a q u e o u s
s u s p e n s i o n s  w e r e  o b s e r v e d  t o  r e m a i n  c o l l o i d a l l y  d i s p e r s e d  f o r  p e r i o d s  o f
t i m e  i n  e x c e s s  o f  s e v e r a l  m o n t h s  i n  n e u t r a l  a n d  a l k a l i n e  pH r a n g e s  and
i n  t h e  a b s e n c e  o f  m u l t l v a l e n t  c a t i o n s .  [ K r a u s k o p f  (1 9 7 2 )  d e s c r i b e s  Mn
o x i d e  s o l s  a s  b e i n g  n e g a t i v e l y  c h a r g e d ,  p a r t i c u l a r l y  u n d e r  s l i g h t l y  a c i d
2 +c o n d i t i o n s . ]  F l o c c u l a t i o n  o f  t h e  d i s p e r s i o n  by Mn and  o t h e r
m u l t l v a l e n t  c a t i o n s  i s  c a u s e d  by t h e  i n t e r a c t i o n  o f  t h e s e  i o n s  w i t h  t h e
2 +s o l i d  p h a s e .  No o x i d a t i o n  o f  Mn o c c u r r e d  w i t h i n  t h e  pH r a n g e  2.5 t o
2 +9.0 .  But  t h e  c a p a c i t y  f o r  Mn s o r p t i o n  by Mn o x i d e  i n c r e a s e d  w i t h  pH
2 +o f  t h e  s u s p e n s i o n  f r o m  0 .5  m o le  o f  Mn p e r  m o l e  o f  Mn d i o x i d e  a t  pH 7.5
2 +and a p p r o a c h e d  2.0 m o l e s  o f  Mn p e r  m o le  o f  Mn d i o x i d e  a t  a p p r o x i m a t e l y
2 +  +  pH 9.0 .  The u p t a k e  o f  Mn a n d  r e l e a s e  o f  H o c c u r s  r a t h e r  r a p i d l y ,  on
t h e  o r d e r  o f  5 m i n u t e s  o r  l e s s  b e i n g  r e q u i r e d  f o r  50% e x c h a n g e .  A l s o ,
2+Mn d i o x i d e  d i s p e r s i o n s  show a h i g h e r  s o r p t i o n  c a p a c i t y  f o r  Mn t h a n  f o r  
Zn+ ^ t h a n  f o r  Mg+^ and  Ca+ (M organ  a n d  Stumm, 1964) .  T h u s ,  d e p l e t i o n  o f  
Mn f r o m  t h e  s o i l  s o l u t i o n  i n  t h e  s h o r t  t e r m  p r o b a b l y  o c c u r s  by e x c h a n g e .  
The  d e c r e a s e  o f  ^ M n  f r o m  s o l u t i o n  i n  c o n t a c t  w i t h  s o i l  w as  due  t o  o t h e r  
p r o c e s s e s ,  s u c h  a s  o x i d a t i o n  and  p r e c i p i t a t i o n  o r  d i f f u s i o n  i n t o  l e s s  
a c c e s s i b l e  p o s i t i o n s  i n  m i n e r a l  s t r u c t u r e s  ( G o l d b e r g  a n d  S m i t h ,  1984).  
O r g a n i c  m a t t e r  a n d  Mn
One p r o m i s i n g  a r e a  o f  r e s e a r c h  d e s c r i b e s  t h e  a s s o c i a t i o n  o f  Mn 
d e f i c i e n c y  a n d  o r g a n i c  m a t t e r  w h i c h  i s  a l s o  a s s o c i a t e d  w i t h  many o t h e r  
s o i l  p r o c e s s e s  and  c o n d i t i o n s .  The  h i g h  m o l e c u l a r  w e i g h t  o r g a n i c
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co m p o u n d s  s u c h  a s  l i g n i n s  a r e  e s s e n t i a l l y  i m m o b i l e  and  s e r v e  t o  
i m m o b i l i z e  t h o s e  e l e m e n t s  a s s o c i a t e d  w i t h  th e m  i n  t h e  s o i l  (H o d g so n ,  
1963 ) .  B a t e y  (1 9 7 1 )  c i t e s  r e s e a r c h  s u p p o r t i n g  t h e  c o n c l u s i o n  t h a t  Mn 
d e f i c i e n c y  i s  r e l a t e d  t o  t h e  t y p e  o f  o r g a n i c  m a t t e r  c o n t a i n e d  i n  t h e  
s o i l .  M an g an es e  d e f i c i e n c y  b e c o m e s  m ore  s e v e r e  a s  t h e  C/N r a t i o  
i n c r e a s e s  p a s t  11 /1  o r  1 8 /1  ( d e p e n d i n g  on t h e  r e f e r e n c e  c i t e d ) .  I f  t h e  
C/N r a t i o  o f  s o i l  o r g a n i c  com pounds  i n c r e a s e s  w i t h  i n c r e a s i n g  m o l e c u l a r  
w e i g h t ,  t h e n  Mn d e f i c i e n c y  may be r e l a t e d  t o  e n v i r o n m e n t a l  c o n d i t i o n s  
w h ic h  f a v o r  t h e  f o r m a t i o n  o f  s u c h  c om pounds .
Knezek  and G r e i n e r t  (1971 )  a t t r i b u t e  t h e  i n e f f e c t i v e n e s s  o f  s o i l -  
a p p l i e d  MnEDTA i n  o v e r c o m i n g  Mn d e f i c i e n c y  t o  a  r a p i d  s u b s t i t u t i o n  o f  Fe 
f o r  Mn i n  t h e  EDTA m o l e c u l e  w i t h  p r o b a b l e  i n a c t i v a t i o n  o f  t h e  r e l e a s e d  
Mn by c o m p l e x i n g  w i t h  o r g a n i c  m a t t e r .  S o i l  o r g a n i c  m a t t e r  was  c l o s e l y  
r e l a t e d  t o  a m o u n t s  o f  Mn r e l e a s e d  i n  t h e  e x t r a c t i n g  s o l u t i o n ,  0.1 N HC1 
( S o r e n s o n  e t  a l . ,  1 9 7 1 ) .
F u r t h e r m o r e ,  S t e v e n s o n  and  A r d a k a n i  ( 1 9 7 2 )  d o c u m e n t e d  t h e  movement  
o f  Mn i n  t h e  s o i l  p r o f i l e  by o r g a n i c  c o m p o n e n t s  a s  " c h e l u v i a t i o n " .
They  c a u t i o n e d  t h a t  s u c h  a p r o c e s s  may o n l y  p l a y  a m a j o r  r o l e  I n  t h e  
m o v e m en t  o f  m e t a l s  i n  t h e  s o i l  on t h e  p e d o g e n l c  t i m e  s c a l e ,  s i n c e  t h e  
c h e l u v i a t i o n  p r o c e s s  w a s  b e l i e v e d  t o  be a s l o w  one .  
pH a n d  o x l d a t l o n - r e d u c t l o n  o f  Mn
J e n k i n s  and  J o n e s  (1 9 8 2 )  a l o n g  w i t h  many o t h e r  a u t h o r s  d i a g r a m m e d  
t h e  r e l a t i o n s h i p  o f  v a r i o u s  Mn com p o u n d s  t o  c h a n g e s  o f  pH a n d  Eh. W h i l e  
b e i n g  f a r  f r o m  d e f i n i t i v e  w i t h  r e s p e c t  t o  s o i l  e n v i r o n m e n t s ,  t h e i r  
d e s c r i p t i o n  s u p p o r t e d  t h e  n o t i o n  t h a t  Mn s o l u b i l i t y  was  g r e a t l y  r e d u c e d  
i n  a e r a t e d  s o i l s  o f  a l k a l i n e  r e a c t i o n .  C o n v e r s e l y ,  f o r  s o i l s  w h i c h
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r e m a i n  w e t  f o r  e x t e n d e d  p e r i o d s  o f  t i m e  d u r i n g  t h e  y e a r ,  Mn s o l u b i l i t y  
w as  I n c r e a s e d .  T h e r e f o r e ,  t h e  i n v e s t i g a t o r  may f i n d  d e p l e t i o n  o f  Mn i n  
o n e  s e c t i o n  o f  t h e  s o i l  p r o f i l e  a n d ,  p e r h a p s ,  a n  a p p a r e n t  a c c u m u l a t i o n  
i n  a n o t h e r .
I n  a  w e l l - a e r a t e d  s o i l  s y s t e m ,  u n d e r  a l k a l i n e  c o n d i t i o n s ,  Mn may 
o x i d i z e  r a p i d l y .  H o w e v e r ,  M e s s i n g  (1 9 7 1 )  c l a i m s  t h a t  s o i l  c h e m i s t s ,  
e s p e c i a l l y  t h o s e  w o r k i n g  i n  t h e  a r e a  o f  o x i d a t i o n - r e d u c t l o n ,  h a v e  f a i l e d  
t o  a d e q u a t e l y  e x p l a i n  t h e  b e h a v i o r  o f  Mn i n  t h e  s o i l .  A m o re  
s a t i s f a c t o r y  e x p l a n a t i o n  h a s  b e e n  f o r w a r d e d  by t h o s e  i n v e s t i g a t i n g  
c h e l a t e  c h e m i s t r y  o f  Mn.
S o i l  m i c r o b i o l o g y  o f  Mn
T h e r e  a r e  many r e p o r t s  o f  b i o l o g i c a l  and  n o n b i o l o g i c a l  o x i d a t i o n  o f  
Mn a s  t h e  c a u s e  o f  Mn d e f i c i e n c y .  B ro c k  (1 9 7 8 )  p r o p o s e d  s e p a r a t i n g  t h e  
tw o  c a u s e s  by u s i n g  b i o l o g i c a l  p o i s o n s .  G iven  t h e  p r o p e r  i n h i b i t o r ,  a l l  
o n e  n e e d  d o  i s  c a r r y  o u t  i n c u b a t i o n s  o f  p o i s o n e d  and n o n p o l s o n e d  
s y s t e m s .  D a t a  f r o m  t h e  p o i s o n e d  e x p e r i m e n t  w i l l  g i v e  t h e  n o n b i o l o g i c a l  
r a t e ,  a n d  d a t a  f r o m  t h e  n o n p o l s o n e d  e x p e r i m e n t  w i l l  g i v e  t h e  c o m b i n e d  
r a t e .  A l s o ,  t h e  b i o l o g i c a l  s y s t e m  w i l l  h a v e  a t e m p e r a t u r e  o p t i m u m ,  
w h i l e  t h e  n o n b i o l o g i c a l  s y s t e m  w i l l  h a v e  a r e a c t i o n  r a t e  I n c r e a s i n g  w i t h  
t e m p e r a t u r e ,  a  c h a r a c t e r i s t i c  o f  c h e m i c a l  r e a c t i o n s .
L e e p e r  a n d  Swaby (1 9 4 0 )  c l a i m e d  t h a t  o x i d a t i o n  o f  m a n g a n o u s  
com p o u n d s  t o  m a n g a n i c  o x i d e  may be  u s e d  a s  a  s o u r c e  o f  e n e r g y  by 
m i c r o o r g a n i s m s .  R e s e a r c h e r s  c o n t i n u e  t o  r e p o r t  Mn o x i d a t i o n  i n  t h e  s o i l  
m e d i a t e d  by m i c r o o r g a n i s m s  (Adams,  1985;  B r o m f i e l d ,  1974;  1978b; 
B r o m f i e l d  a n d  D a v i d ,  1978 ;  Douka,  1980;  Khan,  1979) .  H o w e v e r ,  o t h e r s  
show  e v i d e n c e  t o  s u p p o r t  n o n b i o l o g i c a l  o x i d a t i o n  o f  Mn. O x i d a t i o n  o f
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Mn^+ i s  t h e o r i z e d  t o  be a u t o c a t a l y t i c  i n v o l v i n g  s p e c i f i c  a d s o r p t i o n  o f
Mn^+ on e x i s t i n g  Mn o x i d e  s u r f a c e s  (R o s s  a n d  B a r t l e t t ,  1981) .
The activity of Mn in the soil solution is largely determined by
t h e  o x i d a t i o n - r e d u c t i o n  p o t e n t i a l  a n d  pH o f  t h e  s y s t e m  ( L e e p e r ,  1947 ;
Cheng  a n d  O u e l l e t t e ,  1971) .  H o w e v e r ,  s o i l  Mn s o l u b i l i t y  a l o n e  d o e s  n o t
e n s u r e  a s i g n i f i c a n t  I n c r e a s e  i n  s o l u b l e  Mn. A c h e l a t i n g  l i g a n d  i s
2+r e q u i r e d  t o  p r e v e n t  a d s o r p t i o n  o f  Mn r e l e a s e d  by t h e  s u r f a c e  o f  t h e
o x i d e ,  a n d  i t s  s u b s e q u e n t  o x i d a t i o n  o r  p r e c i p i t a t i o n  ( B r o m f i e l d ,  1958;
T r i m b l e  and  E h r l l c h ,  1968).
A l t h o u g h  pH i s  a  m a j o r  f a c t o r  g o v e r n i n g  t h e  a v a i l a b i l i t y  o f  s o i l
Mn, i t s  i n f l u e n c e  i s  s i g n i f i c a n t l y  m o d i f i e d  by a  " r h i z o s p h e r e  e f f e c t " .
The e n h a n c e d  s o l u b i l i t y  o f  Mn i n  r h i z o s p h e r e  s o i l  i s  a s s u m e d  t o  o p e r a t e
t h r o u g h  t h e  r e d u c t i v e  s o l u t i o n  o f  s o l i d - p h a s e  MnC>2 o c c u r r i n g  a t  t h e
s u r f a c e  o f  t h e  o x i d e  (Godo a n d  R e i s e n a u e r ,  1980) .  R o o t  e x u d a t e s  a r e
e f f e c t i v e  i n  t h e  d i s s o l u t i o n  o f  h y d r o u s  MnC^ t h r o u g h  c h e m i c a l  r e d u c t i o n
and  c h e l a t i o n .  M a l a t e  i s  a n  i m p o r t a n t  c o n s t i t u e n t  o f  r o o t  e x u d a t e s .
I t s  r e a c t i o n  w i t h  h y d r o u s  o x i d e s  o f  Hn f o l l o w e d  e i t h e r  o f  tw o  p a t h w a y s
depending on the pH-controlled adsorption of carboxylataes on the oxide
2 +s u r f a c e .  The n e t  e f f e c t  w as  t h e  r e l e a s e  o f  Mn f r o m  t h e  o x i d e  
( J a u r e g u i  a n d  R e i s e n a u e r ,  1982) .
I n  a  s t u d y  c o m p a r i n g  tw o  c u l t i v a r s  o f  o a t s ,  t h e  o n e  s u s c e p t i b l e  t o  
Mn d e f i c i e n c y  h a r b o r e d  i n  i t s  r h i z o s p h e r e  a d e n s e r  p o p u l a t i o n  o f  Mn- 
o x i d i z i n g  b a c t e r i a  t h a n  d i d  a v a r i e t y  r e s i s t a n t  t o  t h e  d i s o r d e r .  
F u m i g a t i o n  o f  t h e  s o i l  r e d u c e d  t h e  p o p u l a t i o n  s i z e  o f  b a c t e r i a  and  
p l a n t s  g ro w n  on t h i s  s o i l  show ed  no s i g n s  o f  Mn d e f i c i e n c y  a n d  a 
c o r r e s p o n d i n g  i n c r e a s e  i n  y i e l d  ( T i m o n i n ,  1946).
MATERIALS AND METHODS
F i e l d  e x p e r i m e n t  ( p r i m a r y  s i t e )
The l o c a t i o n  o f  t h e  p r i m a r y  f i e l d  e x p e r i m e n t  w as  S t .  M a r t i n  P a r i s h ,  
a p p r o x i m a t e l y  8  km NNW o f  B r e a u x  B r i d g e ,  L o u i s i a n a ,  on La.  Hwy. 354.
The s o i l  t y p e  w as  I b e r i a  s i l t y  c l a y  ( f i n e ,  m o n t m o r l l l o n l t l c ,  t h e r m i c  
V e r t i c  H a p l a q u o l l ) ,  o v e r l a y i n g  B a l d w i n  s i l t y  c l a y  lo a m  ( f i n e ,  
m o n t m o r l l l o n l t l c ,  t h e r m i c  V e r t i c  O c h r a q u a l f ) .  S u b s e q u e n t  d i s c u s s i o n s  
w i l l  r e f e r  t o  t h i s  s o i l  a s  I b e r i a  s i l t y  c l a y .
A r e p r e s e n t a t i v e  t o p s o i l  s a m p l e  (0 -  12 cm) and  l e a f  t i s s u e  s a m p l e  
( t o p , m a t u r e  t r i f o l l o l a t e s )  w e r e  t a k e n  f r o m  t h e  t e s t  s i t e  i n  an  a r e a  
w i t h  p l a n t s  a p p e a r i n g  c h l o r o t i c  and  a l s o  i n  a n  a r e a  w i t h  p l a n t s  
a p p e a r i n g  h e a l t h y .  A u n i f o r m l y  d e f i c i e n t  a r e a  o f  s o y b e a n  p l a n t s ,
G l y c i n e  max (L . )  H e r r . ,  cv .  ' C e n t e n n i a l '  w i t h i n  t h i s  a r e a  was  r a n d o m l y  
a s s i g n e d  t r e a t m e n t s  and c o m p r i s e d  t h e  t e s t  s i t e  i n  Y e a r  1.
The e x p e r i m e n t a l  d e s i g n  I n  Y e a r  1 w a s  a  p a i r e d  c o m p a r i s o n  w i t h  f i v e  
r e p l i c a t i o n s  o f  e a c h  p a i r .  The  t r e a t m e n t s  a r e  shown i n  T a b l e  1.
I n  Y e a r  2 and  Y e a r  3 t h e  p r i m a r y  t e s t  s i t e  w as  e n l a r g e d  t o
a c c o m o d a t e  a d d i t i o n a l  t r e a t m e n t s .  As i n  Y e a r  1 p l o t  s i z e  w as  15.2 m
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l o n g  by 3.7 m w id e  (4 r o w s )  t o t a l i n g  56 m . The  e x p e r i m e n t a l  d e s i g n  
w as  a  r a n d o m i z e d  c o m p l e t e  b l o c k  w i t h  f o u r  r e p l i c a t i o n s  o f  e a c h  
t r e a t m e n t .  The t r e a t m e n t s  a p p l i e d  I n  Y e a r  2 and  r e p e a t e d  i n  Y e a r  3 a r e  
g i v e n  i n  T a b l e  1. A s e t  o f  s o i l  p r o f i l e  s a m p l e s  w e r e  t a k e n  f r o m  a 
c e n t r a l l y  l o c a t e d  c o n t r o l  p l o t  t o  a s s i s t  I n  c l a s s i f i c a t i o n  o f  t h e  s o i l .  
T o p s o i l  s a m p l e s  (0 -  12 cm) a n d  l e a f  t i s s u e  s a m p l e s  ( t o p ,  m a t u r e  
t r i f o l i o l a t e )  w e r e  t a k e n  f r o m  e a c h  p l o t  a t  t h e  R5 s t a g e  o f  d e v e l o p m e n t
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I B
T a b l e  1 .  T r e a t m e n t s  u s e d  i n  s o y b e a n  f i e l d  e x p e r i m e n t  ( p r i m a r y  s i t e ) .
S t a g e  o f  s o y b e a n  . . Method o f
p l a n t  d e v e l o p m e n t —'  R a t e  o f  Mn— a p p l i c a t i o n
 Y e a r  1-------------------------------
kg  h a - *'
  0 . 0  ----------
V5 0 . 2  f o l i a r
 Y e a r  2
  0 . 0
V9 0 . 2
V9 & R5 0 . A
a t  p l a n t i n g  1 5 . 3
a t  p l a n t i n g  3 0 . 6
Y e a r  3 ------------------------------
0.0 ----------
0 . 2  f o l i a r
0 . 4  f o l i a r
1 5 . 3  s o i l
3 0 . 6  s o i l
 Y e a r  4----------------------------------------
T r e a t m e n t s  e v a l u a t e d  f o r  r e s i d u a l  e f f e c t  on 
y i e l d  a n d  n u t r i e n t  e l e m e n t  c o n c e n t r a t i o n  i n  f o l i a g e
---------------------------------------Y e a r  5---------------------------------
T r e a t m e n t s  e v a l u a t e d  f o r  r e s i d u a l  e f f e c t  on 
n u t r i e n t  e l e m e n t  c o n t e n t  o f  s o i l
i / v 5  s t a g e  * m o s t  r e c e n t l y  m a t u r e d  l e a f  f o r m e d  a t  t h e  5 t h  n o d e ;  V9 s t a g e  
“  m o s t  r e c e n t l y  m a t u r e d  l e a f  f o r m e d  a t  t h e  9 t h  n o d e ;  R5 s t a g e  “  b e a n s  
b e g i n n i n g  t o  d e v e l o p  a t  o n e  o f  t h e  f o u r  u p p e r m o s t  n o d e s ;  R6 ”  pod 
c o n t a i n i n g  f u l l - s i z e  g r e e n  b e a n s  a t  o n e  o f  t h e  f o u r  u p p e r m o s t  n o d e s .
2 /—' F o l i a r  t r e a t m e n t s  w e r e  a q u e o u s  s o l u t i o n s  o f  Mn c h e l a t e  (12% Mn)
a p p l i e d  w i t h  a  b a c k p a c k  s p r a y e r .  The 0.4 k g  ha  r a t e  w as  d i v i d e d  i n
h a l f  f o r  a p p l i c a t i o n  a t  t h e  2 i n d i c a t e d  s t a g e B .  S o i l  t r e a t m e n t s  w e r e  
MnS0 ^ . 3H2 0  (27.3% Mn) i n  a q u e o u s  s o l u t i o n  a p p l i e d  w l t h a  g r a v i t y  f l o w  
a p p l i c a t o r .
V9
V9 & R6 
a t  p l a n t i n g  
a t  p l a n t i n g
f o l i a r
f o l i a r
s o i l
s o i l
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p r i o r  t o  f o l i a r  t r e a t m e n t  i n  Y ea r  2,  a n d  a t  t h e  R7 s t a g e  o f  d e v e l o p m e n t  
8  d a y s  f o l l o w i n g  f o l i a r  t r e a t m e n t  i n  Y e a r  3.  D e s c r i p t i o n  o f  s o y b e a n  
p l a n t  d e v e l o p m e n t  i s  g i v e n  i n  F e h r  e t  a l .  (1 9 7 1 ) .
Mn w as  n o t  a p p l i e d  i n  Y e a r  4 t o  e v a l u a t e  r e s i d u a l  t r e a t m e n t  
e f f e c t s  f r o m  t h e  p r i o r  tw o  y e a r s .  L e a f  t i s s u e  s a m p l e s  w e re  t a k e n  f r o m  
e a c h  p l o t  a t  t h e  R5 s t a g e  o f  d e v e l o p m e n t .  T o p s o i l  s a m p l e s  w e r e  t a k e n  
f r o m  e a c h  p l o t  i n  M arch  o f  Y e a r  5.
S o y b e a n s  w e r e  h a r v e s t e d  w i t h  a f i e l d  c o m b i n e  e a c h  y e a r  f r o m  tw o  
c e n t e r  r o w s  o f  e a c h  p l o t ,  w e i g h e d  on s i t e ,  a n d  s u b s a m p l e d  f o r  
a d j u s t m e n t  o f  y i e l d  d a t a  t o  13% m o i s t u r e .  The h a r v e s t e d  a r e a  was  28
F i e l d  e x p e r i m e n t  ( s u r v e y )
I n  Y e a r  2 s i x  a d d i t i o n a l  s i t e s  i n  t h e  v i c i n i t y  o f  t h e  p r i m a r y  s i t e  
w e r e  s u r v e y e d  t o  d e t e r m i n e  t h e  r e l a t i o n s h i p s  am ong d i f f e r e n t  s o y b e a n  
c u l t i v a r s  a n d  s o i l  and  t i s s u e  t e s t  d a t a .  The s e v e n  s u r v e y  s i t e s  w e r e  
c h o s e n  w i t h i n  a n  a r e a  o f  a p p r o x i m a t e l y  200 ha .  Each  s i t e  w as  u n d e r  
c u l t i v a t i o n  t o  s o y b e a n s  by t h e  s a m e  p r o d u c e r s .
S o i l  p r o f i l e  s a m p l e s ,  r e p r e s e n t a t i v e  t o p s o i l  s a m p l e s  ( 0 - 1 2  c m ) ,  and 
l e a f  t i s s u e  s a m p l e s  ( t o p ,  m a t u r e  t r i f o l i o l a t e s )  w e r e  t a k e n  a t  e a c h  o f  
t h e  s i x  a d d i t i o n a l  s i t e s  when t h e  s o y b e a n  p l a n t s  w e r e  b e t w e e n  R4 and  R5 
s t a g e s .
S o y b e a n s  w e r e  h a r v e s t e d  w i t h  a f i e l d  c o m b in e  i n  d u p l i c a t e  a t  e a c h  
s i t e ,  w e i g h e d ,  a n d  s u b s a m p l e d  f o r  a d j u s t m e n t  o f  y i e l d  d a t a  t o  13% 
m o i s t u r e .  The a r e a  h a r v e s t e d  w as  28 m . E ac h  s i t e  w as  c o n s i d e r e d  a 
s e p a r a t e  t r e a t m e n t .  W i t h  r e s p e c t  t o  y i e l d  t h e  s u r v e y  w as  c o n s i d e r e d  an 
u n b a l a n c e d  r a n d o m i z e d  d e s i g n  w i t h  f o u r  r e p l i c a t i o n s  ( c o n t r o l  p l o t s )  a t
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s i t e  1 ( p r i m a r y  s i t e )  a n d  tw o  r e p l i c a t i o n s  a t  e a c h  o f  t h e  s i x  r e m a i n i n g  
s i t e s .  The d a t a  o b t a i n e d  f r o m  l e a f  t i s s u e  a n d  s o i l  a n a l y s i s  w as  u s e d  
o n l y  i n  c o r r e l a t i o n  and  r e g r e s s i o n  a n a l y s i s .
Mn rate experiment (greenhouse)
O b j e c t i v e s  o f  t h i s  g r e e n h o u s e  e x p e r i m e n t  w e r e  t o  d e t e r m i n e  t h e  
e f f e c t s  o f  d i f f e r e n t  r a t e s  o f  s o i l - a p p l i e d  Mn on  t h e  d r y  m a t t e r  y i e l d ,  
t i s s u e  and  s o i l  t e s t  v a l u e s ,  and  a c t i v i t y  o f  n o d u l a t e d  r o o t s  o f  
s o y b e a n s .
I b e r i a  s i l t y  c l a y  u s e d  i n  t h i s  e x p e r i m e n t  w as  o b t a i n e d  i n  Y ea r  3 
f r o m  t h e  p r i m a r y  s i t e  f i e l d  e x p e r i m e n t .  T o p s o i l  (0 -  12 cm) f ro m  t h e  
c o n t r o l  p l o t s  w as  p l a c e d  i n  p l a s t i c  b a g s  a n d  t a k e n  t o  B a t o n  Rouge.  The 
m o i s t  s o i l  w as  t r a n s f e r r e d  t o  p l a s t i c - l i n e d  b a r r e l s  by p a s s i n g  t h r o u g h  a  
w i r e  s c r e e n  (0 .6 4  cm o p e n i n g ) .  F o r t y - e i g h t  p l a s t i c - l i n e d  p a p e r  c a n s  (1 
l i t e r  c a p a c i t y )  w e r e  e a c h  f i l l e d  w i t h  850 g m o i s t  s o i l  (728  g o v e n -  
d r i e d ) .  D u r i n g  t h e  e x p e r i m e n t  p l a n t s  w e r e  n o t  m o i s t u r e - s t r e s s e d  b a s e d  
on  p l a n t  t u r g o r .
S o y b e a n s ,  G l y c i n e  max L. M e r r .  c v .  ' C e n t e n n i a l ' ,  I n o c u l a t e d  w i t h  
B r a d y r h l z o b i u m  j a p o n i c u m , w e r e  p l a n t e d  (20  s e e d  p e r  p o t )  a n d  t h i n n e d  t o  t w o  
p l a n t s  a t  t h e  VI s t a g e  o f  s o y b e a n  p l a n t  d e v e l o p m e n t .
The experimental design was a randomized complete block with four 
replications of each treatment. Each replication by treatment 
combination occupied one pot. Blocking was established in a north-south 
direction to remove effects of shading from greenhouse structures. Pots 
were not moved after the experiment was initiated.
T r e a t m e n t s  w e r e  a p p l i e d  a t  t h e  VI s t a g e  o f  s o y b e a n  p l a n t  
d e v e l o p m e n t .  The f o l l o w i n g  r a t e s  o f  Mn a s  MnSO^.St^O (27.3% Mn) w e r e
21
a p p l i e d  I n  a q u e o u s  s o l u t i o n  t o  t h e  s o i l :  0 ,  0 . 7 ,  1 . 4 ,  2 . 1 ,  4 . 1 ,  6 . 1 ,
8 . 2 ,  1 0 . 2 ,  1 2 . 3 ,  1 4 . 3 ,  1 6 . 4 ,  a n d  2 0 . 5  mg k g ” 1. S u p p l e m e n t a l  S w a s  a d d e d  
t o  e a c h  p o t  a s  Na2 SC>4 (22.6% S) I n  a q u e o u s  s o l u t i o n  t o  b a l a n c e  S among 
t r e a t m e n t s .
V i s u a l  s y m p to m s  o f  Mn d e f i c i e n c y  w e r e  o b s e r v e d  a n d  e v a l u a t e d  a t  t h e  
V3 and  R1 s t a g e s  u s i n g  t h e  i n d e x  d e s c r i b e d  by Ohki ( 1 9 7 6 ) .  S o y b e a n s  
w e r e  h a r v e s t e d  a t  t h e  R1 s t a g e  o f  d e v e l o p m e n t  i n  May a f t e r  6  w e e k s  o f  
g r o w t h .  P l a n t s  w e r e  c u t  a p p r o x i m a t e l y  one  cm a b o v e  t h e  s o i l  s u r f a c e  and 
p l a c e d  i n  c o t t o n  b a g s .
A c e t y l e n e  (C2 H2 ) t o  e t h y l e n e  (C2 H^) r e d u c t i o n  a s s a y  w as  p e r f o r m e d  
a s  a n  e s t i m a t e  o f  t h e  r a t e  o f  N2 f i x a t i o n  (H a rd y  e t  a l . ,  1968) .
N o d u l a t e d  r o o t s  w e r e  r e m o v e d  f r o m  p o t s ,  w a s h e d  w i t h  t a p  w a t e r  t o  rem o v e  
m o s t  o f  t h e  s o i l  a n d  p l a c e d  i n  a i r t i g h t  Mason J a r s  h a v i n g  l i d s  f i t t e d  
w i t h  r u b b e r  s e p t a .  A i r  (25 m l )  was  r e m o v e d  f r o m  e a c h  j a r  and  r e p l a c e d  
w i t h  25 m l  o f  C2 H2 . A f t e r  a n  i n c u b a t i o n  t i m e  o f  1 h ,  a  5 m l  g a s  s a m p l e  
w a s  w i t h d r a w n  and  i n j e c t e d  i n t o  a n  e v a c u a t e d  v i a l  f o r  a n a l y s i s  by g a s  
c h r o m a t o g r a p h y .  The v o lu m e  o f  e a c h  j a r  w i t h  r o o t s  i n s i d e  w as  m e a s u r e d  
by d i s p l a c e m e n t  o f  w a t e r .  E t h y l e n e  p r o d u c t i o n  f r o m  n i t r o g e n a s e  a c t i v i t y  
on  a c e t y l e n e  w a s  d e t e r m i n e d  u s i n g  a  P e r k i n  E l m e r  M odel  3920 g a s  
c h r o m a t o g r a p h  e q u i p p e d  w i t h  a n  H2 f l a m e  i o n i z a t i o n  d e t e c t o r ,  c o r r e c t e d  
t o  s t a n d a r d  t e m p e r a t u r e  and  p r e s s u r e  ( 2 7 3 °  K, 760 mm Hg) and  e x p r e s s e d  
a s  n m o l e s  e t h y l e n e  p r o d u c e d  h r  1.
F o l l o w i n g  t h e  a c e t y l e n e  r e d u c t i o n  p r o c e d u r e  n o d u l a t e d  r o o t s  w e r e  
r e m o v e d  f r o m  j a r s ,  w a s h e d  i n  t a p  w a t e r ;  d i p p e d  i n  d i l u t e  s o l u t i o n  o f  
A lc o n o x ;  and  w a s h e d  i n  t a p  w a t e r ,  d i s t i l l e d  w a t e r ,  0.1 N HC1, a n d  g l a s s  
d i s t i l l e d - d e i o n i z e d  w a t e r  t o  r e m o v e  s o i l  p a r t i c l e s .
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N o d u l e s  a n d  r o o t s  w e r e  s e p a r a t e d  and  p l a c e d  I n  c o t t o n  b a g s  a f t e r  
c o u n t i n g  n o d u l e s .  A l l  p l a n t  p a r t s  w e r e  d r i e d  a t  70°C f o r  48  h o u r s ,  a n d  
w e i g h e d .
S o i l  f r o m  e a c h  p o t  w as  s u b s a m p l e d ,  a i r  d r i e d ,  a n d  a n a l y z e d  f o r  
D T P A - T E A - e x t r a c t a b l e  Cu, Zn, F e ,  and  Mn ( L i n d s a y  and  N o r v e l l ,  1969;  
1 9 7 8 ) .
M u l t i p l e  n u t r i e n t  e l e m e n t  e x p e r i m e n t  ( g r e e n h o u s e )
O b j e c t i v e s  o f  t h i s  g r e e n h o u s e  s t u d y  w e r e  t o  d e t e r m i n e  t h e  e f f e c t s  
o f  Cu,  Zn,  F e ,  Mn, and  P a p p l i e d  t o  t h e  s o i l  on  t h e  d r y  m a t t e r  y i e l d ,  
c o n c e n t r a t i o n  a n d  u p t a k e  o f  s e l e c t e d  n u t r i e n t  e l e m e n t s  i n  t i s s u e ,  a n d  
a c t i v i t y  o f  r o o t  n o d u l e s  o f  s o y b e a n s .  T h i s  e x p e r i m e n t  w as  n o t  d e s i g n e d  
t o  m e a s u r e  i n t e r a c t i o n s  among t h e  a p p l i e d  p l a n t  n u t r i e n t  e l e m e n t s .
S o i l  w as  c o l l e c t e d  and  p r e p a r e d  a s  i n  t h e  p r e v i o u s  s e c t i o n  (Mn r a t e  
e x p e r i m e n t ) .  T w e n t y - f o u r  p l a s t i c - l i n e d  p a p e r  c a n s  (1 l i t e r  c a p a c i t y )  
w e r e  e a c h  f i l l e d  w i t h  850  g m o i s t  s o i l  (728  g o v e n - d r i e d ) .  D u r i n g  t h e  
e x p e r i m e n t  p l a n t s  w e r e  n o t  m o i s t u r e - s t r e s s e d  b a s e d  on  p l a n t  t u r g o r .
S o y b e a n s ,  G l y c i n e  max L. M e r r .  c v .  ' C e n t e n n i a l ' ,  i n o c u l a t e d  w i t h  
B r a d y r h l z o b i u m j a p o n i c u m, w e re  p l a n t e d  (20 p e r  p o t )  and  t h i n n e d  t o  tw o  
p l a n t s  a t  t h e  VI s t a g e  o f  d e v e l o p m e n t .
The e x p e r i m e n t a l  d e s i g n  w a s  a  r a n d o m i z e d  c o m p l e t e  b l o c k  w i t h  f o u r  
r e p l i c a t i o n s  o f  e a c h  t r e a t m e n t .  Each  r e p l i c a t i o n  by  t r e a t m e n t  
c o m b i n a t i o n  o c c u p i e d  o n e  p o t .  B l o c k i n g  w as  e s t a b l i s h e d  i n  a n o r t h - s o u t h  
d i r e c t i o n  t o  r e m o v e  e f f e c t s  o f  s h a d i n g  f r o m  g r e e n h o u s e  s t r u c t u r e s .  P o t s  
w e r e  n o t  moved a f t e r  t h e  e x p e r i m e n t  w as  i n i t i a t e d .
Treatments were applied in aqueous solution to the Iberia silty 
clay at the VI stage of soybean plant development. Treatments were:
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c o n t r o l ;  0 . 5  mg Cu k g ” * s o i l  a s  C u S O ^ . S l ^ O  ( 2 5 . 2 5  C u ) ;  2 . 5  mg Zn k g  * a s  
Z n S 0 A.H2 0 ( 3 6 5  Zn)  ; 1 0 . 0  mg F e  k g - 1  s o i l  a s  F e S 0 4 . 7 H 2 0 ( 2 0 5  F e ) ;  1 3 . 6  mg 
Mn k g - * s o i l  a s  MnSO^.Sl^O (2 7 .3 5  Mn); a n d  13.1 mg P k g - * s o i l  a s  
Ca(H2 P0 4 )2 ' ^ 2 0  ( 2 4 .6 5  P ) .  S u p p l e m e n t a l  S w as  a d d e d  t o  e a c h  p o t  a s  
Na^SO^ (2 2 .6 5  S) I n  a q u e o u s  s o l u t i o n  t o  b a l a n c e  S among  t r e a t m e n t s .
P l a n t s  w e r e  h a r v e s t e d  a t  t h e  R1 s t a g e  o f  d e v e l o p m e n t  i n  J u l y  a f t e r  
6  w e e k s  o f  g r o w t h .  P l a n t s  w e r e  c u t  a p p r o x i m a t e l y  one  cm a b o v e  t h e  s o i l  
s u r f a c e  and  p l a c e d  i n  c o t t o n  b a g s .  N o d u l a t e d  r o o t s  w e r e  rem o v e d  f r o m  
p o t s ,  w a s h e d  w i t h  t a p  w a t e r  t o  r e m o v e  m o s t  o f  t h e  s o i l  and  p l a c e d  i n  
a i r t i g h t  Mason j a r s  h a v i n g  l i d s  f i t t e d  w i t h  r u b b e r  s e p t a .  A c e t y l e n e  
r e d u c t i o n  by n o d u l a t e d  r o o t s  and  s u b s e q u e n t  p r e p a r a t i o n  o f  p l a n t  p a r t s  
w e r e  p e r f o r m e d  a s  d e s c r i b e d  i n  t h e  Mn r a t e  g r e e n h o u s e  e x p e r i m e n t .
S o i l  a n a l y s i s
S o i l  s a m p l e s  f r o m  f i e l d  and g r e e n h o u s e  e x p e r i m e n t s  w e r e  a n a l y z e d  
f o r  f e r t i l i t y  s t a t u s  a c c o r d i n g  t o  B r u p b a c h e r  e t  a l .  ( 1 9 6 8 )  w i t h  t h e  
f o l l o w i n g  m o d i f i c a t i o n :  K, Ca ,  and  Mg w e r e  e x t r a c t e d  f r o m  s o i l  w i t h
N NH^OAc (10 :1  s o l u t i o n  v o l u r o e : s o i l  w e i g h t )  a n d  m e a s u r e d  w i t h  a P e r k i n  
E l m e r  Model  5000  a t o m i c  a b s o r p t i o n  s p e c t r o p h o t o m e t e r .  Cu, Zn ,  F e ,  and 
Mn w e r e  e x t r a c t e d  i n  DTPA-TEA, pH 7.3 ( L i n d s a y  a n d  N o r v e l l ,  1969 ;  1978) 
a n d  m e a s u r e d  w i t h  a P e r k i n  E l m e r  Model  503  a t o m i c  a b s o r p t i o n  
s p e c t r o p h o t o m e t e r .  S o i l  o r g a n i c  m a t t e r  was  d e t e r m i n e d  by t h e  W a l k l e y -  
B l a c k  p r o c e d u r e  ( H e s s e ,  1972 ,  p.  2 4 5 ) ,  m o d i f i e d  f o r  d i p - p r o b e  
c o l o r i m e t r y .  Ten ml N K2 C r 2 0 7 , 20  ml c o n c e n t r a t e d  H2 SO4 , and  90  m l  
d i s t i l l e d  w a t e r  w e r e  a d d e d  t o  1.0 g d r y  s o i l  i n  a  125 ml E r l e n m e y e r  
f l a s k .  A f t e r  16 h r s  a t  room t e m p e r a t u r e  o p t i c a l  a b s o r b a n c e  a t  670  nm 
w a s  m e a s u r e d .  The a b s o r b a n c e  c u r v e  w a s  c a l i b r a t e d  w i t h  r e s u l t s  o b t a i n e d
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by t i t r a t i o n  (H e s s e ,  1972,  p. 245) u s i n g  hu m ic  a c i d .
C a t i o n  e x c h a n g e  c a p a c i t y  o f  I b e r i a  s i l t y  c l a y  ( p r i m a r y  s i t e )  was  
d e t e r m i n e d  by t h e  ammonium d i s p l a c e m e n t  m e th o d  d e s c r i b e d  by Chapman 
(1965) .  The r a t i o  o f  (N NH^O Ac-exchangeab le  c a t i o n s / c a t i o n  e x c h a n g e  
c a p a c i t y )  X 100 was  u sed  t o  c a l c u l a t e  p e r c e n t  b a s e  s a t u r a t i o n .
P l a n t  t i s s u e  a n a l y s i s
P l a n t  t i s s u e  s a m p l e s  f rom  f i e l d  and  g r e e n h o u s e  e x p e r i m e n t s  w e r e  
p l a c e d  i n  c o t t o n  b a g s ,  d r i e d  i n  a f o r c e d - d r a f t  oven  a t  70°  C f o r  48 
h o u r s ,  g r o u n d  t o  p a s s  a 2 0 - m e s h  s c r e e n ,  and  s t o r e d  i n  g l a s s  o r  p l a s t i c  
b o t t l e s .  Wet a s h i n g  was m o d i f i e d  f rom  T o th  e t  a l .  (1948)  by a d d i n g  15 
ml o f  a  m i x t u r e  o f  c o n c e n t r a t e d  HNO-jiHClO^ (3 :1  v / v )  t o  150 ml  b e a k e r  
c o n t a i n i n g  0.1 t o  1.0 g p l a n t  t i s s u e .  A f t e r  12 h o u r s  i n  c o n t a c t  w i t h  
a c i d ,  t i s s u e  s a m p l e s  w e r e  d i g e s t e d  on a h o t p l a t e ,  f i l t e r e d  t h r o u g h  
Whatman #42 p a p e r ,  d i l u t e d  t o  50 ml  w i t h  d i s t i l l e d  w a t e r ,  and  s t o r e d  i n  
p l a s t i c  b o t t l e s .
A n a l y s i s  o f  t h e  d i g e s t e d  s a m p l e s  f o r  K, Ca, Mg, Cu, Zn, Fe ,  and Mn 
was  p e r f o r m e d  w i t h  a P e r k i n  E l m e r  Model  503 a t o m i c  a b s o r p t i o n  
s p e c t r o p h o t o m e t e r ,  and f o r  P on a f iausch  & Lomb S p e c t r o n i c  20 
s p e c t r o p h o t o m e t e r  by t h e  v a n a d o - m o l y b d a t e  m e thod  (Chapman and  P r a t t ,
1 9 6 1 ) .
L e a f  t i s s u e  s a m p l e s  f r o m  t h e  f i e l d  e x p e r i m e n t  ( p r i m a r y  s i t e ,  Year  
2) w e r e  a n a l y z e d  f o r  t o t a l  N ( K j e l d a h l )  (N oe l  and H a m b le to n ,  1976).  
C h em ica l  s e p a r a t i o n  o f  Mn f r a c t i o n s
The o b j e c t i v e  o f  t h i s  s t u d y  was  t o  i d e n t i f y  f r a c t i o n s  ( o r  p o o l s )  o f  
Mn I n  I b e r i a  s i l t y  c l a y ,  t o  d e t e r m i n e  t h e  c o n c e n t r a t i o n s  o f  Mn i n  t h e s e  
f r a c t i o n s ,  and  t o  c o m p a re  t h e  e f f e c t s  o f  f o l i a r  and  s o i l  Mn t r e a t m e n t s
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on  t h e  c o n c e n t r a t i o n  o f  Mn i n  t h e  v a r i o u s  f r a c t i o n s .
T o p s o i l  s a m p l e s  ( 0 - 1 2  cm) u s e d  i n  t h e  l a b o r a t o r y  p r o c e d u r e  w e r e  
o b t a i n e d  i n  M a rc h  o f  Y e a r  5 f r o m  t h e  p r i m a r y  s i t e  f i e l d  e x p e r i m e n t .
F i e l d  p l o t s  w e r e  s e l e c t e d  f r o m  t h o s e  w h i c h  h a d  r e c e i v e d  t r e a t m e n t s  a s  
d e s c r i b e d  i n  T a b l e  1. F r a c t i o n a t i o n  a n a l y s i s  w a s  p e r f o r m e d  o n l y  o n  s o i l  
s a m p l e s  t a k e n  f r o m  f i e l d  p l o t s  w h i c h  w e r e  t r e a t e d  a s  f o l l o w s :  no Mn 
a p p l i e d ;  0 .4  kg Mn ha~*  a s  Mn c h e l a t e  (12X Mn) a p p l i e d  t o  t h e  f o l i a g e ;  
and  30.6  k g  Mn ha~* a s  MnSO^.Sl^O (27.3% Mn) a p p l i e d  t o  t h e  s o i l  a t  
p l a n t i n g .
S o i l  s a m p l e s  w e r e  a i r  d r i e d  and  g r o u n d  t o  p a s s  a  20 mesh  s t a i n l e s s  
s t e e l  s c r e e n .  The m e th o d  u s e d  t o  c h e m i c a l l y  s e p a r a t e  f r a c t i o n s  o f  Mn i n  
t h e  s o i l  f o l l o w e d  a s e q u e n t i a l  p a t t e r n  a n d  was  m o d i f i e d  f r o m  m e th o d s  
d e s c r i b e d  by Shuman (1 9 7 9 ;  1982 ;  1 9 8 3 ) ,  Chao ( 1 9 7 2 ) ,  S e d b e r r y  and Reddy 
( 1 9 7 6 ) ,  J a c k s o n  (1 9 5 8 ,  p. 28 3 ) ,  L i n d s a y  a n d  N o r v e l l  ( 1 9 7 8 ) ,  and  J o n e s  
a n d  L e e p e r  ( 1 9 5 0 ) .  A summary  o f  t h e  p r o c e d u r e  i s  g i v e n  i n  T a b l e  2.
A l l  e x t r a c t i o n s  e x c e p t  a c i d  d i g e s t i o n  o f  t h e  r e s i d u e  w e r e  p e r f o r m e d  
i n  50 ml p l a s t i c  c e n t r i f u g e  t u b e s  w i t h  p l a s t i c  s c r e w  c a p s .  F o l l o w i n g  
e a c h  s t e p  t h e  t u b e s  and  c o n t e n t s  w e r e  p l a c e d  i n  a  s o i l  c e n t r i f u g e  a n d  
m a i n t a i n e d  a t  1611 X g (2400  rp m ,  r * 2 5  cm) f o r  a  minimum o f  15 m i n u t e s  
o r  u n t i l  t h e  s u p e r n a t a n t  b ecam e  t r a n s p a r e n t .  The  s u p e r n a t a n t  w as  t h e n  
f i l t e r e d  t h r o u g h  Whatman #42 p a p e r  and  a n a l y z e d  f o r  Mn o n  a n  A p p l i e d  
R e s e a r c h  L a b o r a t o r i e s  Model  34000  i n d u c t i v e l y  c o u p l e d  a r g o n  p l a s m a  
s p e c t r o p h o t o m e t e r .
D i s s o l u t i o n  o f  t h e  e x t r a c t i o n  r e s i d u e  and  w h o l e  u n f r a c t i o n a t e d  s o i l  
s a m p l e s  i n  t e f l o n  b e a k e r s  f o l l o w e d  t h e  p r o c e d u r e  o f  J a c k s o n  (1 9 5 8 ,  p. 
283).  The p e r c e n t  r e c o v e r y  o f  Mn w as  c a l c u l a t e d  a s :
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T a b l e  2 . Summary o f  p r o c e d u r e  f o r  s e q u e n t i a l  e x t r a c t i o n  o f  Mn f rom  
I b e r i a  s i l t y  c l a y .
S t e p ! / P r o c e d u r e F r a c t i o n —/
1 10  g a i r - d r i e d  s o i l  ( p a s s  2 0 - m e s h )
2 2 0  ml d i s t i l l e d  w a t e r ,  s h a k e n  2 h r s W a t e r - s o l u b l e  Mn
3 V 40 ml  N NH^OAc (pH 7 ) ,  s h a k e n  2 h r s E x c h a n g e a b l e  Mn
4 20 ml  DTPA (pH 7 . 3 ) ,  s h a k e n  2 h r s C h e l a t a b l e  Mn
5 30 ml d i s t i l l e d  w a t e r ,  s h a k e n  3 min C h e l a t a b l e  Mn
6 30 m l  0.2% a q u e o u s  h y d r o q u i n o n e ,  
s h a k e n  2 h r s  i n  d a r k
E a s i l y - r e d u c i b l e
Mn
7 1 / 30 ml N NH^OAc (pH 7 ) ,  s h a k e n  30  min E a s i l y - r e d u c i b l e
Mn
8 - 1 2 20 ml  5.3% NaOCl (pH 8 . 5 ) ,  30 m in  i n  
b o i l i n g  w a t e r  b a t h ; r e p e a t  4 t i m e s , 
u n t i l  s o l u t i o n  t u r n s  f r o m  p i n k  t o  
c o l o r l e s s
O r g a n i c  Mn
13 2 0  ml d i s t i l l e d  w a t e r ,  s h a k e n  3 min O r g a n i c  Mn
14 S o i l  d r i e d  a t  100°  C, p a s s  4 0 - m e s h ,
2 g s a m p l e  f o r  s u b s e q u e n t  e x t r a c t i o n s
------------------------------
1 5 1 / 40 ml  0.1 M NH2 0H.HC1 (pH 2 ) ,  s h a k e n  30  m in Mn o x i d e s
i e l / 40 m l  0 .2  M ( N H ^ J ^ - o x a l a t e  i n  0 .2  M 
o x a l i c  a c i d  (pH 3 ) ,  s h a k e n  4 h r s  i n  
d a r k
Mn a s s o c i a t e d  
w i t h  a m o r p h o u s  
Fe o x i d e s
17 40  ml  0.1 M a s c o r b i c  a c i d  i n  a b o v e  
o x a l a t e  s o l u t i o n ,  30 m in  i n  b o i l i n g  
w a t e r  b a t h
Mn a s s o c i a t e d  
w i t h  c r y s t a l l i n e  
Fe o x i d e s
18 HCLO^, HF, HC1 t r e a t m e n t R e s i d u a l  Mn
- ^ E a c h  s t e p  a s  p r e s e n t e d  w a s  f o l l o w e d  by c e n t r i f u g i n g  t h e  s u s p e n s i o n ,  
a n d  f i l t e r i n g  t h e  s u p e r n a t a n t  t h r o u g h  Whatman #42 f i l t e r  p a p e r .
2 /- ' F r a c t i o n s  a s s i g n e d  sam e  name a n a l y z e d  s e p a r a t e l y ,  n u m e r i c a l l y  c o m b in e d .  
3 /—' T h i s  s t e p  was  f o l l o w e d  by 20 m l  d i s t i l l e d  w a t e r ,  s h a k e n  f o r  3 m i n ,  
c e n t r i f u g e d ,  and  t h e  s u p e r n a t a n t  was d i s c a r d e d .
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Sum t o t a l  o f  Mn f r o m  a l l  f r a c t i o n s  and  r e s i d u e  x jqq  
To t a l  a n a l y s i s  f o r  Mn f r o m  u n f r a c t i o n a t e d  s o i l
D a t a  o b t a i n e d  f r o m  t h e  f r a c t i o n a t i o n  p r o c e d u r e  w e r e  a n a l y z e d  b a s e d  
o n  t h e  f i e l d  e x p e r i m e n t  d e s i g n *  r a n d o m i z e d  c o m p l e t e  b l o c k  w i t h  f o u r  
r e p l i c a t i o n s  o f  e a c h  Mn t r e a t m e n t .  The  s t a t i s t i c a l  a n a l y s i s  n u l l  
h y p o t h e s i s  a s s u m e d  n o  d i f f e r e n c e s  am ong  t r e a t m e n t s  f o r  e a c h  o f  t h e  
i d e n t i f i e d  f r a c t i o n s .  No a t t e m p t  w as  made t o  c o m p a r e  f r a c t i o n s  a s  
e f f e c t s .
Clay mineralogy of Iberia silty clay
S o i l  p r o f i l e  s a m p l e s  w e r e  s e l e c t e d  f r o m  t h o s e  t a k e n  a t  t h e  p r i m a r y  
s i t e  f i e l d  e x p e r i m e n t .  D e p t h s  r e p r e s e n t e d  by t h e  s a m p l e s  w e r e  0 t o  13,  
13  t o  2 4 ,  2 4  t o  3 4 ,  4 3  t o  5 6 ,  64  t o  7 2 ,  a n d  9 0  t o  99 cm b e l o w  t h e  
s u r f a c e .  S o i l  s a m p l e s  w e r e  a i r  d r i e d  a n d  g r o u n d  t o  p a s s  a 2 mm 
s t a i n l e s s  s t e e l  s c r e e n .
A r e p r e s e n t a t i v e  10 g p o r t i o n  o f  e a c h  s a m p l e  w as  s u s p e n d e d  i n  w a t e r  
u s i n g  a  s o n i c  d i s m e m b r a t o r  ( F i s h e r  M odel  300) .  The t i m e  r e q u i r e d  f o r  
p a r t i c l e s  o f  l a r g e r  s i z e  t h a n  0 . 0 0 2  mm t o  s e t t l e  b e l o w  t h e  10  cm d e p t h  
o f  t h e  s u s p e n s i o n  was  c a l c u l a t e d  a c c o r d i n g  t o  B a v e r  (1 9 6 5 ) .  A f t e r  t h e  
a l l o t t e d  s e t t l i n g  t i m e ,  t h e  t o p  8  cm o f  s u s p e n s i o n  w as  s i p h o n e d  and  
s t o r e d  i n  a n  a c i d  b o t t l e .  S u s p e n s i o n ,  s e t t l i n g ,  and  s i p h o n i n g  w e re  
r e p e a t e d  f o r  e a c h  s a m p l e  t w o  a d d i t i o n a l  t i m e s  u s i n g  t h e  s o n i c  
d i s m e m b r a t o r  a n d  t h e  s u p e r n a t a n t s  w e r e  c o m b in e d .  T h e r e a f t e r ,  m i x i n g  was  
by s t i r r i n g  w i t h  a  r u b b e r - t i p p e d  g l a s s  r o d .  M i x i n g ,  s e t t l i n g ,  a n d  
s i p h o n i n g  w e r e  r e p e a t e d  u n t i l  t h e  s u p e r n a t a n t  w as  c l e a r  a f t e r  t h e  
s e t t l i n g  t i m e .  A l l  o f  t h e  c o l l e c t e d  s u s p e n s i o n s  w e r e  t h e n  c o m b i n e d ,  
t h o r o u g h l y  m i x e d ,  and  d i v i d e d  i n t o  t h r e e  e q u a l  p a r t s .  One p a r t  w as  s e t  
a s i d e  f o r  f u t u r e  m a n i p u l a t i o n s .  The c l a y  c o n t a i n e d  i n  t h e  s e c o n d  p a r t
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w a s  s a t u r a t e d  w i t h  K by t h e  a d d i t i o n  o f  a p p r o x i m a t e l y  1 g r a m  KC1 
( r e a g e n t ) .  The  c l a y  c o n t a i n e d  i n  t h e  t h i r d  p a r t  w as  s a t u r a t e d  w i t h  Mg 
by  t h e  a d d i t i o n  o f  5 m l  s a t u r a t e d  a q u e o u s  M g C ^ .
The K- a n d  M g - s a t u r a t e d  c l a y s  w e r e  a l l o w e d  t o  s e t t l e  o v e r n i g h t .  
E ach  was  t h e n  d e c a n t e d  a n d  t h e  s e t t l e d  c l a y s  w e r e  w a s h e d  f r e e  o f  e x c e s s  
s a l t s  w i t h  d i s t i l l e d  w a t e r  f o l l o w e d  by c e n t r i f u g a t i o n  a t  1 1 2 0  x g ( 2 0 0 0  
r p m , r  “ 25  cm) f o r  20 m i n u t e s .  W a s h in g  and  c e n t r i f u g i n g  w e r e  r e p e a t e d  
u n t i l  t h e  c l a y  r e m a i n e d  s u s p e n d e d  a f t e r  c e n t r i f u g i n g .  The s u s p e n s i o n s  
w e r e  s t o r e d  i n  p l a s t i c  b o t t l e s  u n t i l  u s e d  f o r  X - r a y  d i f f r a c t o m e t r y .
P a r t i c l e  s i z e  d i s t r i b u t i o n  o f  e a c h  s a m p l e  a t  s e l e c t e d  d e p t h s  was  
d e t e r m i n e d  by  w e t  s i e v i n g  f o r  t h e  s a n d  f r a c t i o n  (0 .05  -  2.0 mm), by  t h e  
p i p e t t e  m e th o d  d e v e l o p e d  f r o m  S t o k e s  l a w  ( B a v e r ,  1965)  f o r  t h e  c l a y  
f r a c t i o n  (< 0 . 0 0 2  mm), a n d  by d i f f e r e n c e  f o r  t h e  s i l t  f r a c t i o n  (0 . 0 0 2  -  
0 .05 mm). T h e s e  f r a c t i o n s  w e r e  n o t  u s e d  f o r  any  o f  t h e  r e m a i n i n g  
a n a l y s e s .
C la y  f r a c t i o n s  ( w a s h e d ,  u n t r e a t e d )  and  w h o l e  s o i l  s a m p l e s  w e r e  
d i g e s t e d  by t h e  m o d i f i e d  p r o c e d u r e  o f  B e r n a s  (1 9 6 8 ) .  An a l i q u o t  o f  t h e  
c l a y  s u s p e n s i o n ,  c o n t a i n i n g  a p p r o x i m a t e l y  0. 1  g o f  c l a y ,  and  0. 1  g d r y  
s o i l  w e r e  t r a n s f e r r e d  i n t o  a  t a r e d  t e f l o n  d i g e s t i o n  c u p ,  and d r i e d  a t  
110°C f o r  24 h r s .  The cup  and  c o n t e n t s  w e r e  w e i g h e d  and  p l a c e d  i n  s t e e l  
bom bs .  F o l l o w i n g  d i g e s t i o n  w i t h  HF, HC1, a n d  HNO^, a n a l y s i s  o f  t h e  
s o l u t i o n s  f o r  Na,  K, Ca,  Mg, A 1 , Cu,  Zn, F e ,  a n d  Mn w as  p e r f o r m e d  u s i n g  
a n  A p p l i e d  R e s e a r c h  L a b o r a t o r i e s  M odel  34000  i n d u c t i v e l y  c o u p l e d  a r g o n  
p l a s m a  s p e c t r o p h o t o m e t e r .  P w as  d e t e r m i n e d  by t h e  s t a n n o u s  c h l o r i d e -  
b l u e  m e th o d  (Chapman and  P r a t t ,  1961) .
The K- a n d  M g - s a t u r a t e d  c l a y  s u s p e n s i o n s  w e r e  a l l o w e d  t o  d r y  t o  t h e
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c o n s i s t e n c y  o f  t h i n  p a s t e .  The  s u s p e n s i o n s  w e r e  s h a k e n  f o r  2 h o u r s .  A 
p o r t i o n  o f  t h e  c l a y  s u s p e n s i o n  w as  t r a n s f e r r e d  t o  a c l e a n ,  s t a n d a r d  
m i c r o s c o p e  s l i d e .  A f t e r  d r y i n g  a t  room t e m p e r a t u r e  and  h u m i d i t y ,  t h e  
s l i d e s  w h i c h  w e r e  c o a t e d  w i t h  a  s m o o t h ,  e v e n ,  o p a q u e  l a y e r  o f  c l a y  w e r e  
c o n s i d e r e d  a c c e p t a b l e  f o r  X - r a y  d i f f r a c t i o n  a n a l y s i s .
B a s a l  d s p a c i n g s  (0 0 1 )  o f  t h e  c l a y  s a m p l e s  w e r e  o b t a i n e d  f ro m  X - r a y  
d i f f r a c t i o n  m e a s u r e m e n t s  o f  c l a y  l a t t i c e s  ( °  2 0 )  u s i n g  a  P h i l i p s  X - r a y  
D i f f r a c t o m e t e r ,  Model  XRG 30 0 0 ,  o p e r a t i n g  a t  35 k i l o v o l t s  a n d  25 
m i l l l a m p s .  The  a i r - d r i e d  s l i d e s  o f  K- and  M g - s a t u r a t e d  c l a y  s a m p l e s  
w e r e  s c a n n e d  f r o m  2 - 3 0 °  20. S u b s e q u e n t  s c a n s  w e r e  t a k e n  f r o m  2 - 1 5 °  20.
The i d e n t i f i c a t i o n  and  r e l a t i v e  a b u n d a n c e  o f  c l a y  m i n e r a l s  a t  
s e l e c t e d  d e p t h s  i n  t h e  I b e r i a  s i l t y  c l a y  p r o f i l e  w e r e  d e t e r m i n e d  u s i n g  
t h e  X - r a y  d i f f r a c t i o n  p l o t s  o f  a i r - d r i e d ,  M g - s a t u r a t e d  c l a y  s a m p l e s  
( C a r r o l l ,  1970;  Mann and  F i s c h e r ,  1982;  and B.J.  M i l l e r ,  1984 ,  p e r s o n a l  
c o m m u n i c a t i o n  ) .
M g - s a t u r a t e d  c l a y  s l i d e s  w e r e  t h e n  g l y c o l a t e d  by h e a t i n g  o v e r n i g h t  
a t  7 5°C i n  a  s a t u r a t e d  a t m o s p h e r e  o f  e t h y l e n e  g l y c o l  and s c a n n e d  a s  
a b o v e .  K - s a t u r a t e d  c l a y  s l i d e s  w e r e  h e a t e d  a t  300°C f o r  2 h o u r s ,  
s c a n n e d ,  h e a t e d  a t  650°C f o r  16 h o u r s ,  a n d  s c a n n e d  a g a i n .
S t a t i s t i c a l  m e t h o d s
S t a t i s t i c a l  a n a l y s i s  o f  a l l  e x p e r i m e n t s  w as  p e r f o r m e d  u s i n g  t h e  
S t a t i s t i c a l  A n a l y s i s  S y s t e m  (SAS I n s t i t u t e  I n c . ,  Box 8 0 0 0 ,  C a r y ,  NC 
2 7 5 1 1 - 8 0 0 0 )  i n c l u d i n g  a n a l y s i s  o f  v a r i a n c e ,  s i m p l e  c o r r e l a t i o n s ,  and  
r e g r e s s i o n  a n a l y s i s .
RESULTS AND DISCUSSION
The r e s u l t s  c o n t a i n e d  i n  t h i s  r e p o r t  w e r e  o b t a i n e d  f r o m  r e s e a r c h  
c o n d u c t e d  i n  t h e  f i e l d ,  g r e e n h o u s e ,  a n d  l a b o r a t o r y  o v e r  a f i v e  y e a r  
p e r i o d .
F i e l d  e x p e r i m e n t  ( p r i m a r y  s i t e )
The i n f l u e n c e  o f  Mn a p p l i c a t i o n s  o n  t h e  y i e l d  o f  C e n t e n n i a l  
s o y b e a n s  g r o w n  o n  I b e r i a  s i l t y  c l a y  i s  show n  i n  T a b l e  3.  A s i n g l e  
f o l i a r  a p p l i c a t i o n  o f  0 .2  kg  Mn ha~* i n  Y e a r  1 s i g n i f i c a n t l y  i n c r e a s e d  
t h e  s e e d  y i e l d  o f  s o y b e a n s  by 262 kg h a - * o v e r  t h e  c o n t r o l ,  w h i c h  was  
a p p r o x i m a t e l y  $50 .00  h a - * n e t  i n c r e a s e  i n  v a l u e .  W i t h i n  t h r e e  w eek s  
f o l l o w i n g  t r e a t m e n t  c h l o r o s i s  r e a p p e a r e d  i n  t h e  t r e a t e d  p l o t s .
The  e x p e r i m e n t  w as  e x p a n d e d  i n  Y ea r  2 t o  a c c o m o d a t e  a n  a d d i t i o n a l  
f o l i a r  t r e a t m e n t  and  t w o  s o i l  t r e a t m e n t s  w i t h  Mn. V i s u a l  s y m p to m s  o f  
Mn d e f i c i e n c y  w e r e  c o r r e c t e d  i n  Year  2 and  Y e a r  3 w i t h  t h e  h i g h e r  r a t e  
o f  f o l i a r - a p p l i e d  Mn (0 .4  kg h a - *) a s  c o m p a r e d  t o  0.2 kg h a - * due  i n  
p a r t  t o  t h e  h i g h e r  l e v e l  o f  Mn a p p l i e d  a n d  t o  t h e  t i m i n g  o f  
a p p l i c a t i o n s .  T h e r e  was  a  d e f i n i t e  y i e l d  r e s p o n s e  t o  Mn a s  w e l l  a s  a 
c o r r e c t i o n  o f  v i s u a l  d e f i c i e n c y  s y m p to m s .  The y i e l d  r e s p o n s e  i n  Y e a r  2 
w as  188 ( n o t  s i g n i f i c a n t )  and 349 ( s i g n i f i c a n t )  k g  ha~* a b o v e  t h e  
c o n t r o l  f o r  0 .2  a n d  0 .4  kg  Mn h a - *,  r e s p e c t i v e l y .  The h i g h e r  r a t e  o f  
f o l i a r - a p p l i e d  Mn i n  Y e a r  2 and  Y ear  3 w as  n o t  s i g n i f i c a n t l y  d i f f e r e n t  
i n  y i e l d  f r o m  t h e  l o w e r  r a t e .  R a i n f a l l  a n d  o v e r a l l  y i e l d s  w e r e  l o w e r  I n  
Y e a r  3 t h a n  i n  Y e a r  2. P o s s i b l y  w a t e r  w as  more  l i m i t i n g  i n  Y ear  3 t h a n  
t h e  s u p p l y  o f  Mn, t h u s  no y i e l d  r e s p o n s e  w as  o b t a i n e d  t o  a p p l i c a t i o n  o f  
0 .4  k g  Mn h a - * c o m p a r e d  t o  0.2 k g  h a - *. A l s o ,  t h e  s e c o n d  h a l f  o f  t h e
30
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T a b l e  3 .  I n f l u e n c e  o f  Mn a p p l i c a t i o n s  o n  y i e l d  o f  C e n t e n n i a l  s o y b e a n s  
g r o w n  o n  I b e r i a  s i l t y  c l a y — .
T r e a t m e n t ! ^ Y i e l d .  13% 3 /m o i s t u r e - '
M ethod R a t e  o f  Mn Y e a r  1 Y e a r  2 Y e a r  3 Y e a r  4
Kg na —
0 2043 2574 1640 1861
F o l i a r —^ 0 . 2 0 2305 2762 2029 1855
F o l i a r - ^ 0 . 4 0 2923 1992 1734
S o i l —^ 1 5 . 3 3158 2130 2171
S o i l 30 . 6 3165 2069 2439
LSD0 . 0 5 126 302 269 262
c v , % 3 7 9 8
■ ^ / i n i t i a l l y  t h e  s o i l  c o n t a i n e d  13 mg kg~ e x t r a c t a b l e  P,  238 mg kg~* K,
4888  mg kg  Ca,  and  1330 mg kg Mg. The o r g a n i c  m a t t e r  was  22.7 g
k g  and  t h e  pH w as  6 . 8 . The c a t i o n  e x c h a n g e  c a p a c i t y  w as  36.0
c m o l ( + )  k g  a n d  b a s e  s a t u r a t i o n  w as  77.7%.
2 /-  Mn w as  a p p l i e d  i n  a q u e o u s  s o l u t i o n  a s  Mn c h e l a t e  (12% Mn) on t h e  
f o l i a g e  o r  a s  M n S O ^ ^ ^ O  (27.3% Mn) on t h e  s o i l .  Mn w as  n o t  a p p l i e d  
i n  Y e a r  4 .
3 /—' M e a n  o f  5 r e p l i c a t i o n s  i n  Y e a r  1 and  o f  4 r e p l i c a t i o n s  i n  Y e a r  2 
t h r o u g h  Y ea r  4.
-^Mn w a s  a p p l i e d  u s i n g  a b a c k p a c k  s p r a y e r  a t  t h e  V5 s t a g e  i n  Year 1 a n d  
a t  t h e  V9 s t a g e  i n  Y e a r  2 a n d  Y e a r  3 .
-^Mn t r e a t m e n t  w a s  s p l i t  i n  Y e a r  2 and  Y e a r  3 ,  1 / 2  r a t e  a t  t h e  V9 s t a g e  
a n d  1 / 2  r a t e  a t  t h e  R5 s t a g e  i n  Y e a r  2 a n d  t h e  R 6 s t a g e  i n  Y e a r  3 ,  
a p p l i e d  u s i n g  a b a c k p a c k  s p r a y e r .
—^ Each s o i l  r a t e  o f  Mn w as  banded i n  a q ueous  s o l u t i o n  on t o p  o f  t h e  row
a t  p l a n t i n g  u s i n g  a g r a v i t y  f l o w  a p p l i c a t o r .
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h i g h e r  f o l i a r  Mn r a t e  was  a p p l i e d  a t  a l a t e r  s t a g e  o f  p l a n t  d e v e l o p m e n t  
I n  Y e a r  3 (R6 ) t h a n  i n  Y ear  2 (R5). Y i e l d  r e s p o n s e  t o  a p p l i e d  Mn may 
h a v e  b e e n  d e t e r m i n e d  by  t h e  n u t r i t i o n a l  s t a t u s  o f  t h e  p l a n t  p r i o r  t o  t h e  
R6  s ta g e  o f  d e v e l o p m e n t .
S o i l  t r e a t m e n t s  (1 3 .3  and  30 .6  k g  h a - *) i n  Y e a r  2 a n d  Y e a r  3 w e r e  
a l s o  I n c l u d e d  i n  t h e  e x p e r i m e n t .  The c o n t i n u o u s  s u p p l y  o f  Mn f r o m  s o i l  
a p p l i c a t i o n  w as  e x p e c t e d  t o  i n c r e a s e  y i e l d  o v e r  t h e  f o l i a r  t r e a t m e n t s .  
Y i e l d s  w e re  s i g n i f i c a n t l y  h i g h e r  i n  Y e a r  2 f o r  s o i l  t r e a t m e n t s  t h a n  f o r  
t h e  c o n t r o l  and  0 .2  k g  ha  * f o l i a r  t r e a t m e n t ,  b u t  n o t  f o r  t h e  0.4 kg 
h a - * f o l i a r  t r e a t m e n t .  And,  t h e r e  w e r e  no s i g n i f i c a n t  d i f f e r e n c e s  i n  
y i e l d  b e t w e e n  t h e  s o i l  t r e a t m e n t s  i n  Y e a r  2 a n d  Y e a r  3. T h e r e  w e r e  no 
s i g n i f i c a n t  d i f f e r e n c e s  i n  y i e l d  among f o l i a r  o r  s o i l  t r e a t m e n t s  i n  Y e a r  
3,  b u t  t h e  y i e l d  f r o m  p l o t s  r e c e i v i n g  Mn ( f o l i a r -  and  s o i l - a p p l i e d )  w as  
h i g h e r  t h a n  t h e  c o n t r o l .
Mn w as  n o t  a p p l i e d  t o  t h e  s o i l  o r  f o l i a g e  i n  Y e a r  4.  Y i e l d s  f r o m
p l o t s  r e c e i v i n g  f o l i a r  t r e a t m e n t s  w e r e  n o t  d i f f e r e n t  f r o m  t h o s e  o f  t h e  
c o n t r o l  p l o t s .  H o w e v e r ,  y i e l d s  f r o m  p l o t s  r e c e i v i n g  s o i l  am m endm e n ts  o f  
MnSO^.3 H2 0  w e r e  s i g n i f i c a n t l y  h i g h e r  t h a n  t h o s e  f r o m  c o n t r o l  and f o l i a r  
p l o t s .  Y i e l d  i n c r e a s e s  o f  310  a n d  578 k g  h a - * w e r e  o b t a i n e d  o n  p l o t s
t h a t  r e c e i v e d  15.3 and  30 .6  k g  Mn h a - * a p p l i e d  t o  t h e  s o i l ,
r e s p e c t i v e l y .  Thus ,  t h e  b e n e f i t  f r o m  h i g h e r  r a t e s  o f  MnSO^.3 H2 0  a p p l i e d  
t o  t h e  s o i l  may be show n  i n  r e s i d u a l  e f f e c t s .
The d a t a  i n  T a b l e  4 show t h e  c o n c e n t r a t i o n  o f  s e l e c t e d  n u t r i e n t  
e l e m e n t s  i n  l e a f  t i s s u e  s a m p l e s  t a k e n  f r o m  t h e  p r i m a r y  s i t e  f i e l d  
e x p e r i m e n t  i n  Y ear  1. The c o n c e n t r a t i o n  o f  Fe i n  t h e  l e a f  t i s s u e  s a m p l e  
t a k e n  f ro m  t h e  " d e f i c i e n t "  a r e a  was  3 .5  t i m e s  h i g h e r  t h a n  t h a t  f r o m  t h e
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T a b l e  4 .  C o n c e n t r a t i o n  o f  s e l e c t e d  n u t r i e n t  e l e m e n t s  i n  l e a f  t i s s u e  
s a m p l e s  t a k e n  f ro m  p r i m a r y  s i t e  f i e l d  e x p e r i m e n t .  Y e a r  1.
A r e a
d e s c r i p t i o n — P K Ca Mg Cu Zn Fe Mn
" h e a l t h y " 0 . 2 7 - ^ 1 .3 2 0 . 7 6 0 . 4 8 17 45 360 2 5 . 5
" d e f i c i e n t " 0 . 3 3 1 . 4 9 0 . 7 1 0 . 5 5 2 0 40 1250 1 4 . 0
— O v e r a l l  a p p e a r a n c e  o f  s o y b e a n  p l a n t s  w as  u s e d  t o  d i s t i n g u i s h  b e t w e e n  
r e l a t i v e l y  " h e a l t h y "  a n d  " d e f i c i e n t "  a r e a s  o f  t h e  t e s t  s i t e .  A 
c o m p o s i t e  l e a f  s a m p l e  ( t o p ,  m a t u r e  t r i f o l i o l a t e s )  w as  t a k e n  f ro m  e a c h  
a r e a .
2 /—' S t a t i s t i c a l  e v a l u a t i o n s  w e r e  n o t  p e r f o r m e d  d u e  t o  l a c k  o f  
r e p l i c a t i o n .
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" h e a l t h y "  a r e a .  A l s o ,  t h e  c o n c e n t r a t i o n  o f  Mn i n  t h e  l e a f  t i s s u e  s a m p l e  
t a k e n  f r o m  t h e  " d e f i c i e n t "  a r e a  w a s  l o w e r  t h a n  t h a t  f r o m  t h e  " h e a l t h y "  
a r e a .  The  Fe:Mn r a t i o s  w e r e  8 9  a n d  14,  r e s p e c t i v e l y ,  f o r  t h e  " d e f i c i e n t "  
a n d  " h e a l t h y "  a r e a s .
The d a t a  i n  T a b l e  3 show s o i l  r e a c t i o n  (pH),  o r g a n i c  m a t t e r ,  a n d  
c o n t e n t  o f  s e l e c t e d  n u t r i e n t  e l e m e n t s  i n  I b e r i a  s i l t y  c l a y  a t  t h e  
p r i m a r y  s i t e  f i e l d  e x p e r i m e n t  i n  Y e a r  1. D T P A - T E A - e x t r a c t a b l e  Mn and  
e x t r a c t a b l e  P w e r e  l o w e r  i n  s o i l  t a k e n  f r o m  t h e  " d e f i c i e n t "  a r e a s  t h a n  
i n  s o i l  t a k e n  f r o m  t h e  " h e a l t h y "  a r e a .  P o s s i b l y  t h e  i n c r e a s e d  
s o l u b i l i t y  o f  Mn p h o s p h a t e  com pounds  c o n t r i b u t e d  t o  h i g h e r  Mn s u p p l y  t o  
p l a n t s  i n  t h e  " h e a l t h y "  a r e a .  The d a t a  i n  a l s o  show  a  r e l a t i v e l y  l o w  
l e v e l  o f  D T P A - T E A - e x t r a c t a b l e  Zn i n  t h e  " d e f i c i e n t "  a r e a .
S o i l  r e a c t i o n  (pH),  o r g a n i c  m a t t e r ,  a n d  c o n t e n t  o f  s e l e c t e d  
n u t r i e n t  e l e m e n t s  i n  I b e r i a  s i l t y  c l a y  by d e p t h  a t  S i t e  1 ( p r i m a r y  s i t e )  
a r e  p r e s e n t e d  i n  T a b l e  6 . The d a t a  show s o i l  pH i n c r e a s e d  w i t h  d e p t h .  
A l s o ,  CaCC>3 c o n c r e t i o n s  w e r e  f o u n d  a t  56 -  64  cm d e p t h  b e l o w  t h e  
s u r f a c e .  E x t r a c t a b l e  P w as  u n i f o r m l y  lo w  t o  a d e p t h  o f  81 cm,  w h i l e  
e x c h a n g e a b l e  Ca and  Mg w e r e  r e l a t i v e l y  h i g h .  The  h i g h e r  l e v e l s  o f  
e x t r a c t a b l e  P b e l o w  81 cm d e p t h  w e r e  d u e  t o  a b u r i e d  s o i l  ( s e e  p.  17 ,  
M a t e r i a l s  and M e t h o d s ,  f o r  d e s c r i p t i o n ) .  D T P A - T E A - e x t r a c t a b l e  Zn and  Mn 
w e r e  r e l a t i v e l y  low  b a s e d  on  s o i l  t e s t  c a l i b r a t i o n  r e s e a r c h  c o n d u c t e d  i n  
L o u i s i a n a  i n  c o n j u n c t i o n  w i t h  o t h e r  s t a t e s  i n  t h e  S o u t h e r n  r e g i o n .
The d a t a  i n  T a b l e s  7 ,  8 , and  9 p r e s e n t  t h e  i n f l u e n c e  o f  Mn 
a p p l i c a t i o n s  on s o i l  pH, o r g a n i c  m a t t e r ,  a n d  l e v e l s  o f  n u t r i e n t  e l e m e n t s  
i n  I b e r i a  s i l t y  c l a y  f o r  Y e a r s  2 ,  3 ,  and  5 ,  r e s p e c t i v e l y .  ( S o i l  s a m p l e s  
w e r e  t a k e n  i n  Y e a r  5 f o l l o w i n g  t i s s u e  s a m p l i n g  i n  Y e a r  4) .  T h e r e  w e re
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T a b l e  5 .  S o i l  r e a c t i o n  (pH),  o r g a n i c  m a t t e r ,  a n d  c o n t e n t  o f  s e l e c t e d  
n u t r i e n t  e l e m e n t s  I n  s o i l  s a m p l e s  t a k e n  f r o m  p r i m a r y  s i t e  
f i e l d  e x p e r i m e n t .  Y e a r  1.
A r e a
d e s c r i p t i o n —'  D e p th pH—^  OM^ p * /  K—^ Ca Mg Cu—^ Zn Fe Mn
cm
" h e a l t h y "  0 - 1 0  
" d e f i c i e n t "  0 - 1 0
g k g ” 1 
6 . 8  2 3 . 1 - ^  
6 . 6  2 4 . 0
- mg kg  
1338 
1280
-1
42 202 
17 203
5660
5219
6 . 0
2 . 4
4 . 2
0 . 8
73
89
2 . 8
1 . 4
—^ O v e r a l l  a p p e a r a n c e  o f  s o y b e a n  p l a n t s  w a s  u s e d  t o  d i s t i n g u i s h  b e t w e e n  
r e l a t i v e l y  " h e a l t h y "  a n d  " d e f i c i e n t "  a r e a s  o f  t h e  t e s t  s i t e .  A 
c o m p o s i t e  t o p s o i l  s a m p l e  ( 0  -  10  cm) w as  t a k e n  f ro m  e a c h  a r e a .
2 /— pH was  d e t e r m i n e d  i n  1:1  s o i l : w a t e r  s l u r r y .
—^ O r g a n i c  m a t t e r  was d e t e r m i n e d  by m o d i f i e d  W a l k l e y - B l a c k  m e t h o d .
—^ P was  d e t e r m i n e d  u s i n g  m o d i f i e d  B ray  I I  p r o d e d u r e .
—^ K, Ca ,  a n d  Mg w e r e  e x t r a c t e d  u s i n g  N NH^OAc s o l u t i o n ,  pH 7 . 0 .
- ^ C u , Zn,  F e , a n d  Mn w e re  e x t r a c t e d  u s i n g  DTPA-TEA s o l u t i o n ,  pH 7 . 3 .
—^ S t a t i s t i c a l  e v a l u a t i o n s  w e r e  n o t  p e r f o r m e d  due  t o  l a c k  o f  
r e p l i c a t i o n .
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T a b l e  6 . S o i l  r e a c t i o n  (pH),  o r g a n i c  m a t t e r ,  a n d  c o n t e n t  o f  s e l e c t e d  
n u t r i e n t  e l e m e n t s  I n  I b e r i a  s i l t y  c l a y  by  d e p t h .  S i t e  1 
( p r i m a r y  s i t e ) .
D e p th p H i / OM?/ N a ^ K Ca Mg C u ^ Zn Fe Mn
cm g k g ' 1 -1
0 - 13 6 . 6 2 2 . 7 19 97 162 5128 1488 1 . 5 3 0 . 6 3 4 6 . 0 2 . 1
13 - 24 6 . 3 1 5 . 6 <5 147 152 4804 1600 1 . 6 4 0 . 3  3 4 5 . 0 1 . 6
24 - 34 6 . 7 0 . 7 2 <5 196 181 4596 1700 1 . 1 9 0 . 1 8 7 . 7 1 . 2
34 - 43 7 .1 0 . 5 0 <5 201 147 4520 1496 0 . 8 9 0 . 1 4 4 . 8 2 . 3
43 - 56 7 .1 0 . 5 0 <5 11 0 123 6284 1740 0 .  77 0 . 2 3 4 . 1 3 . 4
56 - 64 7 . 2 0 . 4 1 <5 215 115 8076 2044 0 . 6 4 0 . 1 5 4 . 0 2 . 0
64 - 72 7 . 7 0 . 1 5 8 229 141 5100 1 2 0 0 0 . 3 5 0 . 1 3 2 . 6 1 .7
72 - 81 7 . 8 0 . 0 6 <5 223 82 6928 1 0 1 2 0 . 3 6 0 . 1 4 1 .9 1 . 6
81 - 90 7 . 6 0 . 0 6 33 221 107 3392 916 0 . 3 2 0 . 1 1 2 . 1 1 .4
90 - 99 7 . 5 0 . 0 6 52 229 108 3452 936 0 . 3 6 0 . 1 3 2 . 0 2 . 9
i^ p H  was  d e t e r m i n e d  i n  1 : 1  s o l l i w a t e r  s l u r r y .
2 /- ' O r g a n i c  m a t t e r  was  d e t e r m i n e d  by m o d i f i e d  W a l k l e y - B l a c k  m e t h o d .
3 /—1 P was  e x t r a c t e d  u s i n g  m o d i f i e d  Bray  I I  p r o c e d u r e .
—^ Na,  K, Ca ,  and  Mg w e r e  e x t r a c t e d  u s i n g  N NH^OAc s o l u t i o n ,  pH 7 . 0 .
—^ Cu,  Z n ,  F e , a n d  Mn w e re  e x t r a c t e d  u s i n g  DTPA-TEA s o l u t i o n ,  pH 7 . 3 .
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s i g n i f i c a n t  d i f f e r e n c e s  among t r e a t m e n t s  i n  D T P A - T E A - e x t r a c t a b l e  Mn i n  
Y e a r  2 a s  p r e s e n t e d  i n  T a b l e  7.  F o l i a r  t r e a t m e n t s  d i d  n o t  s i g n i f i c a n t l y  
i n f l u e n c e  s o i l  t e s t  l e v e l s  o f  Mn. H o w e v e r ,  Mn s o i l  l e v e l s  I n c r e a s e d  
f r o m  2 .6  mg k g - * i n  t h e  c o n t r o l  p l o t s  t o  7.2 and  14.1 mg k g - *,  
r e s p e c t i v e l y ,  i n  p l o t s  r e c e i v i n g  15.3 and  30 .6  k g  Mn h a - * a s  M nSO^^l^O 
a p p l i e d  t o  t h e  s o i l .  Mn t r e a t m e n t s  h a d  no  s i g n i f i c a n t  e f f e c t  on  o t h e r  
m e a s u r e d  s o i l  p r o p e r t i e s .
S i m i l a r l y ,  i n  Y e a r  3 ( T a b l e  8 ) t h e r e  w e r e  s i g n i f i c a n t  d i f f e r e n c e s  
am ong  t r e a t m e n t s  i n  D T P A - T E A - e x t r a c t a b l e  Mn. W h i l e  s o i l  t e s t  l e v e l s  o f  
Mn w e r e  h i g h e r  i n  p l o t s  r e c e i v i n g  s o i l  a p p l i c a t i o n s  o f  Mn t h a n  t h o s e  
r e c e i v i n g  f o l i a r  a p p l i c a t i o n s ,  t h e  h i g h e r  r a t e  o f  s o i l - a p p l i e d  Mn was  
n o t  s i g n i f i c a n t l y  h i g h e r  t h a n  t h e  l o w e r  r a t e .  R a i n f a l l  on  t h e  e n t i r e  
e x p e r i m e n t a l  a r e a  w a s  l o w e r  i n  Y e a r  3 t h a n  i n  Y e a r  2 ,  and  Mn was  
a p p a r e n t l y  l o w e r  i n  a v a i l a b i l i t y  due  t o  a h i g h e r  o x i d a t i v e  s t a t e  o f  t h e  
e l e m e n t .
S o i l  s a m p l e s  w e r e  c o l l e c t e d  f r o m  e a c h  p l o t  i n  Y e a r  5 f o l l o w i n g  
l e a f - t i s s u e  s a m p l i n g  i n  Y e a r  4.  The d a t a  i n  T a b l e  9 show t h e  i n f l u e n c e  
o f  t w o  a n n u a l  a p p l i c a t i o n s  o f  Mn o n  pH, o r g a n i c  m a t t e r ,  and  r e s i d u a l  
s o i l  t e s t  l e v e l s  o f  s e l e c t e d  n u t r i e n t  e l e m e n t s .  D T P A - T E A - e x t r a c t a b l e  Mn 
r e m a i n e d  s i g n i f i c a n t l y  h i g h e r  f o r  p l o t s  r e c e i v i n g  s o i l  a m m e n d m e n ts  o f  Mn 
t h a n  f o r  p l o t s  r e c e i v i n g  f o l i a r  a p p l i c a t i o n s  o f  Mn. H ow ever  t h e  o v e r a l l  
l e v e l s  o f  s o i l  t e s t  Mn w e r e  l o w e r  i n  Y e a r  5 t h a n  i n  Y e a r  2 and  Y e a r  3 ,  
b u t  s i m i l a r  t o  s o i l  Mn l e v e l s  o b t a i n e d  f ro m  t h e  a n a l y s i s  o f  t h e
" d e f i c i e n t "  a r e a  i n  Y ea r  1 ( T a b l e  5) .  S o i l  t e s t  l e v e l s  o f  P t e n d e d  t o
be  h i g h e r  i n  Y e a r  5 t h a n  i n  Y e a r  3 ,  w h i c h  w e re  h i g h e r  t h a n  i n  Y ea r  2.
Y e a r l y  a p p l i c a t i o n s  o f  P f e r t i l i z e r  by t h e  p r o d u c e r  may h a v e  b e e n
38
T a b le  7 .  I n f l u e n c e  o f  Mn a p p l i c a t i o n s  on pH, o r g a n i c  m a t t e r ,  and s o i l
t e s t  l e v e l s  o f  s e l e c t e d  n u t r i e n t  e l e m e n t s .  Year 2.
T r e a t m e n t ! ^  
M ethod  R a t e PH - / 0M-/ ? * ' F & Ca Mg Cu—^ Zn Fe Mn
k g  h a  1 8 k g -1 k g " 1-mg
0 . 0 6 . 6 2 3 . 7 - ^ 8 207 6869 1426 1 . 7 0 . 4 5 61 2 . 6
F o l i a r - ^ 0 . 2 0 6 . 6 2 3 . 8 5 210 6785 1471 1 . 9 0 . 5 0 62 2 . 9
F o l i a r —^ 0 . 4 0 6 . 6 2 3 . 4 7 206 6830 1474 1 . 8 0 . 4 7 62 2 . 7
S o i l — ^ 1 5 . 3 6 . 6 2 3 . 6 7 208 6971 1446 1 . 8 0 . 4 9 59 7 . 2
S o i l 3 0 . 6 6 . 3 2 4 . 1 8 203 6723 1386 1 . 8 0 . 5 4 72 14.1
l s d 0 . 0 5 NS NS NS NS NS NS NS NS 2 . 9
CV , % 6 35 6 3 4 9 17 26 32
-^M n w as  a p p l i e d  i n  a q u e o u s  s o l u t i o n  a s  Mn c h e l a t e  (12% Mn) on t h e  
f o l i a g e  o r  a s  MnS0^.3H20 (27 .3%  Mn) on t h e  s o i l .
2 /— pH was  d e t e r m i n e d  i n  1:1  s o i l : w a t e r  s l u r r y .
3 /— O r g a n i c  m a t t e r  was  d e t e r m i n e d  by m o d i f i e d  W a l k l e y - B l a c k  m e t h o d .
— wa s  e x t r a c t e d  u s i n g  m o d i f i e d  B ray  I I  p r o c e d u r e .
— Ca,  and  Mg w e r e  e x t r a c t e d  u s i n g  N NH^OAc s o l u t i o n ,  pH 7 . 0 .
- ^ C u ,  Zn ,  F e , a n d  Mn w e r e  e x t r a c t e d  u s i n g  DTPA-TEA s o l u t i o n ,  pH 7 . 3 .  
—^ Mean o f  4 r e p l i c a t i o n s .
o f
— Mn w as  a p p l i e d  u s i n g  a b a c k p a c k  s p r a y e r  a t  t h e  V9 s t a g e .
q /
— Mn t r e a t m e n t  w a s  s p l i t ,  1 / 2  r a t e  a t  t h e  V9 s t a g e  and  1 / 2  r a t e  a t
t h e  R5 s t a g e ,  a p p l i e d  u s i n g  a  b a c k p a c k  s p r a y e r .
— ^Each s o i l  r a t e  o f  Mn was banded i n  aq u eou s  s o l u t i o n  on t o p  o f  th e
row a t  p l a n t i n g  u s i n g  a g r a v i t y  f l o w  a p p l i c a t o r .
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T a b le  8 .  I n f l u e n c e  o f  Mn a p p l i c a t i o n s  on pH, o r g a n i c  n a t t e r ,  and s o i l
t e s t  l e v e l s  o f  s e l e c t e d  n u t r i e n t  e l e m e n t s .  Year 3.
T r e a t m e n t - ^  
Method R a t e pH—^ OM ^ p V & Ca Mg Cu—^ Zn Fe Mn
kg h a -1 g k g _1 — mg kg - 1
0 . 0 6 . 3 21 .  i l l 33 224 4720 1198 1 . 7 0 . 4 6 60 3 . 4
F o l i a r —^ 0 . 2 0 6 . 3 2 0 . 7 26 224 4890 1265 1 . 8 0 . 4 4 56 3 . 7
F o l i a r —^ 0 . 4 0 6 . 3 1 9 . 5 29 223 4835 1305 1 . 8 0 . 4 1 56 3 . 7
S o i l — ^ 1 5 . 3 6 . 4 2 0 . 8 32 231 4980 1283 1 . 8 0 . 4 8 55 7 . 0
S o i l 3 0 . 6 5 . 9 2 1 . 5 28 207 4680 1213 1 . 9 0 . 5 0 66 8 . 3
LSD0 . 0 5 NS NS NS NS NS NS NS NS 2 . 5
CV,% 5 27 9 4 5 5 9 27 31
i^M n w as  a p p l i e d  i n  a q u e o u s  s o l u t i o n  a s  Mn c h e l a t e  (12% Mn) on t h e  
f o l i a g e  o r  a s  M n S O ^ ^ ^ O  (27.3% Mn) on  t h e  s o i l .
2 /— pH was d e t e r m i n e d  i n  1:1  s o i l  .‘w a t e r  s l u r r y .
3 /—' O r g a n i c  m a t t e r  was  d e t e r m i n e d  by m o d i f i e d  W a l k l e y - B l a c k  m e th o d .
—^ P was  e x t r a c t e d  u s i n g  m o d i f i e d  Bray  I I  p r o c e d u r e .
- ^ N a ,  K, C a , and  Mg w e r e  e x t r a c t e d  u s i n g  N NH^OAc s o l u t i o n ,  pH 7 . 0 .
—^ Cu, Zn ,  F e ,  a n d  Mn w e r e  e x t r a c t e d  u s i n g  DTPA-TEA s o l u t i o n ,  pH 7 . 3 .
—^ Mean o f  f o u r  r e p l i c a t i o n s .
8 /— Mn w a s  a p p l i e d  u s i n g  a  b a c k p a c k  s p r a y e r  a t  t h e  V9 s t a g e .
9 /—' Mn t r e a t m e n t  w as  s p l i t ,  1 /2  r a t e  a t  t h e  V9 s t a g e  and  1 / 2  r a t e  a t  
t h e  R6 s t a g e ,  a p p l i e d  u s i n g  a b a c k p a c k  s p r a y e r .
— ^Each s o i l  r a t e  o f  Mn was banded i n  a q u eo u s  s o l u t i o n  on to p  o f  the
row a t  p l a n t i n g  u s i n g  a g r a v i t y  f l o w  a p p l i c a t o r .
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T a b le  9. I n f l u e n c e  o f  t w o  a n n u a l  a p p l i c a t i o n s  o f  Mn on pH, o r g a n i c
m a t t e r  and r e s i d u a l  s o i l  t e s t  l e v e l s  o f  s e l e c t e d  n u t r i e n t
e l e m e n t s .  Year 5.
T r e a t m e n t
y  oM-/ P - / Na—/ r Cu—^M ethod R a t e  pH- Ca Mg Zn Fe Mn
k g  h a -1 8 k g -1 -mg kg 1
0 . 0  6 . 6 2 0 . 5  u 59 59 216 4067 1216 1 . 7 0 . 5 6 59 1 . 5
F o l i a r —/ 0 . 2 0  6 . 6 2 1 . 4 44 62 198 4027 1254 1 . 6 0 . 4 7 55 1 . 6
F o l i a r —/ 0 . 4 0  6 . 6 2 0 . 8 53 70 220 4009 1265 1 .7 0 . 5 0 61 1 . 9
S o i l — / 1 3 . 3  6 . 7 2 1 . 2 51 60  223 4150 1258 1 . 6 0 . 4 9 54 3 . 1
S o i l 3 0 . 6  6 . 6 2 1 . 1 51 68 202 3911 1220 1 . 6 0 . 5 3 64 4 . 1
l s d 0 . 0 5 NS NS NS NS NS NS NS NS NS 0 . 6
CV , % 5 21 10 7 5 7 5 14 22 14
w as  a p p l i e d  i n  Y ea r  2 a n d  Y e a r  3 i n  a q u e o u s  s o l u t i o n  a s  Mn c h e l a t e  
(12% Mn) o n  t h e  f o l i a g e  o r  a s  MnS0^*H20 (27.3% Mn) on t h e  s o i l .  Mn 
w a s  n o t  a p p l i e d  i n  Y e a r  4 o r  Y ea r  5.
2 /- p H  was  d e t e r m i n e d  i n  1 :1  s o i l : w a t e r  s l u r r y .
3 /- O r g a n i c  m a t t e r  was d e t e r m i n e d  by m o d i f i e d  W a l k l e y - B l a c k  m e th o d .
- / p  was  e x t r a c t e d  u s i n g  m o d i f i e d  B ray  I I  p r o c e d u r e .
R /
-  N a ,  K, Ca ,  and  Mg w e re  e x t r a c t e d  u s i n g  N NH^OAc s o l u t i o n ,  pH 7 . 0 .
- / c u ,  Zn ,  F e , a n d  Mn w e r e  e x t r a c t e d  u s i n g  DTPA-TEA s o l u t i o n ,  pH 7 . 3 .
—^ Mean o f  4 r e p l i c a t i o n s .
8 /— Mn w a s  a p p l i e d  u s i n g  a  b a c k p a c k  s p r a y e r  a t  t h e  V9 s t a g e  i n  Y ear  2 a n d  
Y e a r  3.
2^Mn t r e a t m e n t  w a s  s p l i t  i n  Y e a r  2 a n d  Y e a r  3 ,  o n e - h a l f  r a t e  a t  t h e  V9 
s t a g e  a n d  o n e - h a l f  a t  t h e  R6 s t a g e ,  a n d  a p p l i e d  u s i n g  a  b a c k p a c k  
s p r a y e r .
— / E a c h  s o i l  r a t e  o f  Mn w as  b a n d e d  i n  a q u e o u s  s o l u t i o n  o n  t o p  o f  t h e  
ro w  a t  p l a n t i n g  u s i n g  a  g r a v i t y  f l o w  a p p l i c a t o r  i n  Y e a r  2 and  Y ea r  3.
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r e s p o n s i b l e .
The d a t a  I n  T a b l e s  10 and 11 show t h e  i n f l u e n c e  o f  Mn a p p l i c a t i o n s  
on  t h e  c o n c e n t r a t l o n n s  o f  s e l e c t e d  n u t r i e n t  e l e m e n t s  i n  l e a v e s  o f  
C e n t e n n i a l  s o y b e a n s  g rown on I b e r i a  s i l t y  c l a y  i n  Y e a r s  2 and  3 ,  
r e s p e c t i v e l y .  T h e r e  w e re  s i g n i f i c a n t  d i f f e r e n c e s  among t r e a t m e n t s  i n  
t h e  l e a f  t i s s u e  c o n c e n t r a t i o n  o f  Mn f o r  Y e a r  2 and Y ear  3.  The f o l i a r  
t r e a t m e n t  w i t h  0.4 k g  Mn h a - * was  made i n  tw o  a p p l i c a t i o n s  o f  0.2 kg h a - * 
e a c h .  L e a f  s a m p l e s  w e r e  t a k e n  i n  Y ear  2 p r i o r  t o  t h e  s e c o n d  
a p p l i c a t i o n  o f  Mn and t i s s u e  c o n c e n t r a t i o n s  o f  Mn w e r e  s i m i l a r  f o r  t h e  
lo w  and  h i g h  f o l i a r  r a t e s  i n  t h i s  y e a r .  L e a f  s a m p l e s  w e re  t a k e n  8 d a y s  
a f t e r  t h e  s e c o n d  a p p l i c a t i o n  o f  Mn i n  Y ear  3 and t i s s u e  c o n c e n t r a t i o n s  
o f  Mn w e r e  much h i g h e r  f o r  t h e  h i g h e r  r a t e  o f  f o l i a r - a p p l i e d  Mn.
I n  Y ear  2 ( T a b l e  10) and Y ear  3 ( T a b l e  11) t h e r e  w e re  s i g n i f i c a n t  
d i f f e r e n c e s  among t r e a t m e n t s  w i t h  r e s p e c t  t o  t h e  r a t i o  o f  Fe:Mn 
c o n c e n t r a t i o n s  i n  t h e  l e a f  t i s s u e .  L e a f  t i s s u e  f r o m  t h e  c o n t r o l  p l o t s  
i n  Y ear  2 a n d  Y ear  3 showed  Fe:Mn r a t i o s  o f  10.9 and 12.8, r e s p e c t i v e l y .  
S i n c e  Fe and  Mn have  been d e s c r i b e d  a s  a n t a g o n i s t i c  w i t h  r e s p e c t  t o  
p l a n t  m e t a b o l i s m  (S o m e r s  and  S h l v e ,  1942) ,  d e c r e a s e s  i n  t h e  r a t i o  may be 
b e n e f i c i a l  t o  t h e  s o y b e a n  p l a n t  and show c o r r e s p o n d i n g  i n c r e a s e s  i n  
y i e l d .  The Fe:Mn r a t i o s  d e c r e a s e  w i t h  Mn t r e a t m e n t s  co m p ared  t o  t h e  
c o n t r o l  a n d  t h e  y i e l d s  i n c r e a s e  ( T a b l e  3).
The i n f l u e n c e  o f  r e s i d u a l  l e v e l s  o f  tw o  a n n u a l  f o l i a r -  and s o l l -  
a p p l i c a t i o n s  o f  Mn o n  t h e  c o n c e n t r a t i o n s  o f  s e l e c t e d  n u t r i e n t  e l e m e n t s  
i n  t h e  l e a v e s  o f  C e n t e n n i a l  s o y b e a n s  (Y e a r  4)  I s  p r e s e n t e d  i n  T a b l e  12. 
T h e r e  w e r e  s i g n i f i c a n t  d i f f e r e n c e s  among t r e a t m e n t s  i n  t i s s u e  
c o n c e n t r a t i o n s  o f  P, K, Ca, and Mn, and a p p a r e n t  d i f f e r e n c e s  among
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T a b l e  10 .  I n f l u e n c e  o f  Mn a p p l i c a t i o n s  on t h e  c o n c e n t r a t i o n s  o f
s e l e c t e d  n u t r i e n t  e l e m e n t s  i n  l e a v e s  o f  C e n t e n n i a l  s o y b e a n s
grown on I b e r i a  s i l t y  c l a y .  Year 2.
T r e a t m e n t s~^ 
M ethod  R a t e N P K Ca Mg Cu Zn Fe Mn Fe/Mn-
kg h a -1
0 . 0 4 0 . 2 —^
-------g
2 . 5
K g ' 1-
1 0 . 5 1 2 . 6 3 . 4 8 . 8
mg k g  *■ 
53  96 9 . 0 1 0 . 7
F o l i a r V 0 . 2 0 3 8 . 5 2 . 4 1 0 . 2 1 3 . 3 3 . 4 8 . 0 54 90 1 1 . 3 8 . 0
F o l i a r —^ 0 . 4 0 3 9 . 9 2 . 5 1 0 . 7 1 3 . 3 3 . 4 8 . 8 56 95 1 0 . 8 8 . 8
S o i l - ^ 1 5 . 3 4 0 . 2 2 . 5 9 . 9 1 2 . 9 3 , 3 8 . 3 51 97 1 4 . 3 6 . 8
S o i l 3 0 . 6 3 7 . 8 2 . 4 1 0 . 0 1 3 .2 3 . 4 8 . 3 54 126 2 0 . 8 6 . 1
LSD0 . 0 3 1 . 8 NS NS NS NS NS NS NS 2 .1
-------
CV,% 3 7 10 7 5 15 9 33 11 -------
—^ Mn w as  a p p l i e d  i n  a q u e o u s  s o l u t i o n  a s  Mn c h e l a t e  (12% Mn) on t h e  
f o l i a g e  o r  a s  MnSO^.Sl^O (27 .3%  Mn) on t h e  s o i l .
2 /- T h e  r a t i o  o f  Fe t o  Mn w as  c a l c u l a t e d  u s i n g  mean v a l u e s  c o n t a i n e d  i n  
t h e  t a b l e .
3 /- ' A v e r a g e  o f  4 r e p l i c a t i o n s .
—^ Mn w as  a p p l i e d  u s i n g  a  b a c k p a c k  s p r a y e r  a t  t h e  V9 s t a g e .
—^ Mn t r e a t m e n t  w a s  s p l i t ,  1 /2  r a t e  a t  t h e  V9 s t a g e  and  1 / 2  r a t e  a t  t h e  
R5 s t a g e ,  a p p l i e d  u s i n g  a  b a c k p a c k  s p r a y e r ;  a l l  l e a f  s a m p l e s  ( t o p ,
m a t u r e  t r i f o l i o l a t e )  w e r e  t a k e n  a t  t h e  R5 s t a g e  p r i o r  t o  s e c o n d
f o l i a r  a p p l i c a t i o n .
-^E ach  s o i l  r a t e  o f  Mn was banded a t  p l a n t i n g  i n  aqu eous  s o l u t i o n  u s i n g
a g r a v i t y  f l o w  a p p l i c a t o r .
43
T a b l e  11 .  I n f l u e n c e  o f  Mn a p p l i c a t i o n s  on  t h e  c o n c e n t r a t i o n s  o f
s e l e c t e d  n u t r i e n t  e l e m e n t s  i n  l e a v e s  o f  C e n t e n n i a l  s o y b e a n s  
g r o w n  on I b e r i a  s i l t y  c l a y .  Y e a r  3.
T r e a t m e n t s ^  
M e thod  R a t e P K Ca Mg Cu Zn Fe Mn Fe /M n—1
k g  h a  1 
0 . 0 2 . l ! /
- g 
9 . 4
k g " 1—  
1 5 . 5 2 . 7 8 . 0
— mg 
28
k g ' 1-
155 1 2 . 5 1 2 . 4
F o l i a r - ^ 0 . 2 0 2 . 0 8 . 8 1 5 . 2 2 . 6 7 . 5 26 153 1 5 . 8 9 . 7
F o l i a r —^ 0 . 4 0 2 . 0 9 . 1 1 5 . 0 2 . 5 7 . 8 29 161 3 2 . 3 5 . 0
S o i l —^ 1 5 . 3 2 . 0 8 . 7 1 5 . 0 2 . 5 7 . 3 25 161 2 2 . 3 7 . 2
S o i l 3 0 . 6 1 . 9 8 . 4 1 3 . 7 2 . 4 7 . 0 25 161 2 0 . 5 7 . 9
l s d 0 . 0 5 NS NS NS NS NS NS NS 8 . 0
-------
cv,  % 8 9 8 11 9 15 8 16 -------
—^ Mn w a s  a p p l i e d  i n  a q u e o u s  s o l u t i o n  a s  Mn c h e l a t e  (.12% Mn) on t h e  
f o l i a g e  o r  a s  MnSO^.Sl^O ( 2 7 . 3 2  Mn) on  t h e  s o i l .
2 /— The r a t i o  o f  Fe t o  Mn w as  c a l c u l a t e d  u s i n g  mean  v a l u e s  c o n t a i n e d  i n  
t h e  t a b l e .
3 /—7 Mean o f  4 r e p l i c a t i o n s .
—^ Mn w as  a p p l i e d  u s i n g  a b a c k p a c k  s p r a y e r  a t  t h e  V9 s t a g e .
—^ Mn t r e a t m e n t  w as  s p l i t ,  1 /2  r a t e  a t  t h e  V9 s t a g e  and  1 / 2  r a t e  a t  t h e  
R6 s t a g e ,  a p p l i e d  u s i n g  a b a c k p a c k  s p r a y e r ;  a l l  l e a f  s a m p l e s  ( t o p ,  
m a t u r e  t r i f o l i o l a t e )  w e r e  t a k e n  a t  t h e  R7 s t a g e  8 d a y s  a f t e r  s e c o n d  
f o l i a r  a p p l i c a t i o n .
—^ E ach  s o i l  r a t e  o f  Mn was  b a n d e d  a t  p l a n t i n g  i n  a q u e o u s  s o l u t i o n  u s i n g  
a g r a v i t y  f l o w  a p p l i c a t o r .
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T a b le  12 .  I n f l u e n c e  o f  r e s i d u a l  l e v e l s  o f  tw o  a n n u a l  f o l i a r -  and s o l l -
a p p l l e d  Mn t r e a t m e n t s  on t h e  c o n c e n t r a t i o n s  o f  s e l e c t e d
n u t r i e n t  e l e m e n t s  In  l e a v e s  o f  C e n t e n n i a l  s o y b e a n s .  Year 4.
T r e a t m e n t s - ^  
M e thod  R a t e P K Ca Mg Cu Zn Fe Mn Fe/Mn:
k g  ha~* ---------- ---- g kg - 1  — -------- -------- —mg kg -1
0 . 0 2 . 7 —^ 1 1 . 6 1 2 .2 4 . 0 1 2 . 8 58 151 1 0 . 3 1 4 . 7
F o l i a r —^ 0 . 2 0 2 . 6 1 2 . 6 1 2 . 4 4 . 1 1 3 . 5 66 154 1 0 . 4 1 4 . 8
F o l i a r —^ 0 . 4 0 2 . 7 1 1 . 6 1 2 .4 4 . 1 1 3 . 6 69 150 1 1 . 5 1 3 . 0
S o i l —^ 1 5 . 3 2 . 5 1 0 . 4 1 3 . 4 4 . 2 1 3 . 2 61 155 1 3 . 8 1 1 . 2
S o i l 3 0 . 6 2 . 5 1 0 . 4 1 3 . 0 4 . 1 1 2 . 9 67 153 19 .1 8 . 0
LSD0 . 0 5 0 . 2 1.1 0 . 7 NS NS NS NS 2 .1
-----
cv,% 4 7 4 5 3 8 6 11 -----
— Mn w as  a p p l i e d  i n  Y e a r  2 a n d  Y e a r  3 i n  a q u e o u s  s o l u t i o n  a s  Mn c h e l a t e  
(12% Mn) on  t h e  f o l i a g e  o r  a s  MnSO^'Sl^O (27.3% Mn) on t h e  s o i l .  Mn 
w as  n o t  a p p l i e d  i n  Y e a r  4.
2 /— The r a t i o  o f  Fe t o  Mn w as  c a l c u l a t e d  u s i n g  mean  v a l u e s  c o n t a i n e d  i n  
t h e  t a b l e .
3 /— Mean o f  4 r e p l i c a t i o n s .
—^ Mn w as  a p p l i e d  u s i n g  a  b a c k p a c k  s p r a y e r  a t  t h e  V9 s t a g e  i n  Y ear  2 and  
Y e a r  3; a l l  l e a f  t i s s u e  s a m p l e s  ( t o p ,  m a t u r e  t r l f o l l o l a t e )  w e re  
t a k e n  a t  R3 s t a g e  i n  Y e a r  4 .
c /
— Mn t r e a t m e n t  w a s  s p l i t ,  1 / 2  r a t e  a t  t h e  V9 s t a g e  i n  Y ea r  2 a n d  Y ea r  3
a n d  1 / 2  r a t e  a t  t h e  R3 s t a g e  i n  Y e a r  2 a n d  a t  t h e  R6 s t a g e  i n  Y e a r  3,
u s i n g  a  b a c k p a c k  s p r a y e r .
—^ Each s o i l  r a t e  o f  Mn was banded a t  p l a n t i n g  i n  Year 2 and Year 3 In
a q u eo u s  s o l u t i o n  u s i n g  a g r a v i t y  f l o w  a p p l i c a t o r .
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t r e a t m e n t s  i n  t h e  r a t i o  o f  Fe t o  Mn. I n  g e n e r a l  t h e  c o n c e n t r a t i o n  o f  Mn 
i n  s o y b e a n  l e a f  t i s s u e  w as  l o w e r  i n  Y e a r  4 ( T a b l e  12) t h a n  i n  Y ear  2 
( T a b l e  10) and Y ear  3 ( T a b l e  11).  H o w e v e r ,  t h e  d a t a  i n  T a b l e  12 show 
t h a t  e v e n  t h o u g h  Mn w as  n o t  a p p l i e d  i n  Y e a r  4 f a  t r e n d  t o w a r d  l o w e r  Fe 
t o  Mn r a t i o s  was  f o u n d  f o r  Mn a p p l i e d  t o  t h e  s o i l  t h a n  f o r  Mn a p p l i e d  t o  
t h e  f o l i a g e  o r  f o r  t h e  c o n t r o l .
The r e g r e s s i o n s  o f  s e e d  y i e l d  w i t h  s o i l  a n d  l e a f  t i s s u e  v a r i a b l e s  
f o r  Y ea r  2 a r e  p r e s e n t e d  i n  T a b l e  13. S i g n i f i c a n t  l i n e a r  r e g r e s s i o n s  o f  
s e e d  y i e l d  a n d  s o i l  Mn, t i s s u e  Mn, a n d  t i s s u e  Fe:Mn r a t i o ,  r  ■ 0 .3 2 2 ,  
0 . 4 7 7 ,  and 0 ,5 1 8 ,  r e s p e c t i v e l y  w e r e  f o u n d .  Seed  y i e l d  i n c r e a s e d  a s  Mn 
c o n t e n t  o f  t h e  s o i l  i n c r e a s e d ,  a s  Mn i n  t h e  l e a f  t i s s u e  I n c r e a s e d ,  and
a s  t h e  Fe:Mn r a t i o  i n  l e a f  t i s s u e  d e c r e a s e d .  T h e s e  r e g r e s s i o n s  m u s t  be
2
v i e w e d  w i t h  c a u t i o n ,  s i n c e  s i g n i f i c a n c e  f o r  s m a l l  r  v a l u e s  may be  f o u n d  
i f  t h e  s a m p l e  s i z e  i s  s u f f i c i e n t l y  l a r g e .
The d a t a  p r e s e n t e d  i n  T a b l e  14 show  r e g r e s s i o n  a n a l y s e s  o f  s e e d
y i e l d  w i t h  s o i l  and l e a f  t i s s u e  v a r i a b l e  f o r  Y e a r  3. Even t h o u g h  t h e r e
2
w e r e  s i g n i f i c a n t  r ‘  v a l u e s  f o r  t h e s e  r e g r e s s i o n  e q u a t i o n s ,  t h e r e  
p r e d i c t i v e  p o w e r  i s  q u e s t i o n a b l e .
F i e l d  e x p e r i m e n t  ( s u r v e y )
The i n f l u e n c e  o f  s i t e  l o c a t i o n ,  s o i l  t y p e ,  and  c u l t i v a r  on  y i e l d  o f  
s o y b e a n s  i s  g i v e n  i n  T a b l e  15. T h e r e  w e r e  a p p a r e n t  d i f f e r e n c e s  among 
s i t e s  w i t h  r e s p e c t  t o  y i e l d .  S o y b e a n  y i e l d s  v a r i e d  f ro m  2574 kg  ha~* 
( S i t e  1) t o  3145  kg  h a - * ( S i t e  2) .  V i s u a l  s y m p to m s  o f  Mn d e f i c i e n c y  
w e r e  o b s e r v e d  a t  S i t e s  1 a n d  3.  C u l t i v a r s  w e r e  t h e  same a t  e a c h  o f  
t h e s e  tw o  s i t e s ,  a n d  t h e  r e l a t i v e l y  l o w e r  y i e l d s  o b t a i n e d  may h a v e  b e e n  
due  t o  l o c a t i o n / s o i l  t y p e  e f f e c t .  The lo w  s o y b e a n  y i e l d s  o b t a i n e d  a t
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T a b le  13.  R e g r e s s i o n  o f  s e e d  y i e l d  (Y ) i^  w i t h  s o i l  and so y b e a n  l e a f
t i s s u e  v a r i a b l e s .  Year 2.
S o i l  V a r i a b l e  ( X ) ^ r 2 R e g r e s s i o n  E q u a t i o n
Mn 0 . 3 2 2 * * Y -  2720  + 3 3 . 5  X
T i s s u e  V a r i a b l e  ( X ) —^
Mn 0 . 4 7 7 * * Y -  2331 + 4 4 . 3  X
Fe/Mn 0 . 5 1 8 * * Y “ 3616  - 8 5 . 6  X
i ^ L J n i t s  i n  k g  h a “ *.
2 /  — 1 — 1 —' U n i t s  i n  mg k g  , e x c e p t  u n i t s  f o r  o r g a n i c  m a t t e r  i n  g kg  .
O / _ 1 _ 1
—' U n i t s  i n  g kg , e x c e p t  u n i t s  f o r  C u , Zn,  F e , and  Mn i n  mg kg .
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T a b l e  1 4 .  R e g r e s s i o n  o f  s e e d  y i e l d  (Y)—^  w i t h  s o i l  and  s o y b e a n  l e a f  
t i s s u e  v a r i a b l e s .  Y e a r  3.
S o i l  V a r i a b l e  ( X ) ^ r 2 R e g r e s s i o n  E q u a t i o n
Ca 0 . 2 7 6 * Y -  - 7 3 3  + 0 . 5 7  X
T i s s u e  V a r i a b l e  ( X ) —^
K 0 . 2 8 1 * Y -  3327 -  152 X
Fe/Mn 0 . 2 5 9 * Y -  2287 -  3 5 . 6  X
i - ^ U n i t s  i n  k g  h a - *.
2 /  —1 —  1U n i t s  i n  mg k g  , e x c e p t  u n i t s  f o r  o r g a n i c  m a t t e r  i n  g kg .
3 1 _  i _  j
—' U n i t s  i n  g kg , e x c e p t  u n i t s  f o r  C u , Z n , Fe ( a n d  Mn i n  mg kg .
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T a b l e  15 .  I n f l u e n c e  o f  s i t e ,  s o i l  t y p e ,  a n d  c u l t l v a r  on y i e l d  o f  
s o y b e a n s .
S i t e S o i l  t y p e
Y l e l d - ^  
C u l t l v a r  (13% m o i s t u r e )
k g  h a -1
1 I b e r i a  s i l t y  c l a y  ( o v e r l a y i n g  B a l d w i n )  
( V e r t i c  H a p l a q u o l l )
C e n t e n n i a l 2574
2 I b e r i a ,  low c l a y  end  ( 3 5  -  40% c l a y )  
( V e r t i c  H a p l a q u o l l )
C e n t e n n i a l 3145
3 B a l d w i n  c l a y  ( c l a y  o v e r w a s h  p h a s e )  
( V e r t i c  O c h r a q u a l f )
C e n t e n n i a l 2910
4 I b e r i a  c l a y
( V e r t i c  H a p l a q u o l l )
D a v i s 2748
5 I b e r i a  c l a y
( V e r t i c  H a p l a q u o l l )
D a v i s 3078
6 I b e r i a ,  low c l a y  end  ( 3 5  -  40% c l a y )  
( V e r t i c  H a p l a q u o l l )
DPL 506 2742
7 I b e r i a ,  low c l a y  end  ( 3 5  -  40% c l a y )  
( V e r t i c  H a p l a q u o l l )
B ragg 2896
—^ Mean o f  4 r e p l i c a t i o n s  f o r  s i t e  1; mean  o f  2 r e p l i c a t i o n s f o r  s i t e s
2 - 7 .
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S i t e s  4 ,  6 ,  a n d  7 may h a v e  r e s u l t e d  f r o m  r e l a t i v e l y  low l e v e l s  o f  
a v a i l a b l e  Mn. H o w e v e r ,  t h e  c u l t i v a r s  g r o w n  d i d  n o t  e x h i b i t  sym p tom s  
a s s o c i a t e d  w i t h  Mn d e f i c i e n c y .  The  C e n t e n n i a l  c u l t l v a r  may h a v e  b e e n  
m o re  s e n s i t i v e  t o  l o w  l e v e l s  o f  Mn t h a n  D a v i s ,  DPL 506 ,  o r  B ragg .
I n  f a c t ,  T o r r e z - O r t i z  ( 1 9 8 5 )  Bhowed C e n t e n n i a l  s o y b e a n s  t o  be more  
s e n s i t i v e  t o  l o w  l e v e l s  o f  Mn i n  t h e  I b e r i a  s i l t y  c l a y  t h a n  o t h e r  
t e s t e d  c u l t i v a r s .
The  d a t a  i n  T a b l e  16 show  s o i l  r e a c t i o n  (pH),  o r g a n i c  m a t t e r ,  and  
c o n t e n t  o f  s e l e c t e d  n u t r i e n t  e l e m e n t s  i n  t o p s o i l  s a m p l e s  t a k e n  f r o m  e a c h  
s u r v e y  s i t e .  D T P A - T E A - e x t r a c t a b l e  Mn w as  a p p a r e n t l y  l o w e r  f o r  S i t e s  1 
( 2 . 6  mg k g ” * )  a n d  3 ( 2 . 9  mg k g ”  * ) t h a n  f o r  t h e  o t h e r  s i t e s .  S o i l  
r e a c t i o n  (pH )  v a l u e s  v a r i e d  f r o m  5 .2  a t  S i t e  4 t o  6 . 6  a t  S i t e  1 ,  t h e  
l o c a t i o n  o f  m o s t  s e v e r e  Mn d e f i c i e n c y  s y m p to m s .
The d a t a  i n  T a b l e  17 show c o n c e n t r a t i o n s  o f  s e l e c t e d  n u t r i e n t  
e l e m e n t s  i n  l e a f  t i s s u e  s a m p l e s  t a k e n  a t  e a c h  o f  t h e  s e v e n  s i t e s .  L e a f  
t i s s u e  c o n c e n t r a t i o n s  o f  Mn w e r e  a p p a r e n t l y  l o w e r  f o r  S i t e s  1 (9 mg k g ” *) 
a n d  3 ( 2 1  mg k g - *) t h a n  f o r  t h e  o t h e r  s i t e s .  O h k i  e t  a l .  ( 1 9 7 7 )  
r e p o r t e d  t h a t  l e a f  t i s s u e  c o n c e n t r a t i o n s  o f  Mn o f  20 mg k g ” * o r  l e s s  may 
be  d e f i c i e n t  f o r  h i g h  y i e l d s  o f  s o y b e a n s .  The  maximum t i s s u e  Fe:Mn 
r a t i o ,  10 .7 ,  w as  f o u n d  f o r  S i t e  1 ( p r i m a r y  s i t e )  and  t h e  Fe:Mn r a t i o  o f  
5.1 f o r  S i t e  3 w a s  c o n s i d e r e d  m a r g i n a l l y  h i g h  f o r  p r o d u c t i o n  o f  maximum 
y i e l d s  o f  s o y b e a n s .
The d a t a  i n  T a b l e s  18 -  23 show s o i l  r e a c t i o n  (pH), o r g a n i c  m a t t e r ,  
a n d  c o n t e n t  o f  s e l e c t e d  n u t r i e n t  e l e m e n t s  i n  s o i l  s a m p l e s  by d e p t h  t a k e n  
a t  S i t e s  2 - 7 ,  r e s p e c t i v e l y .  S o i l  a n a l y s i s  by d e p t h  f o r  S i t e  1 was  
p r e s e n t e d  i n  T a b l e  6. S o i l  r e a c t i o n  (pH) a t  e a c h  s i t e  i n c r e a s e d  w i t h
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T a b le  16 .  S o i l  r e a c t i o n  (pH),  o r g a n i c  m a t t e r ,  and c o n t e n t  o f  s e l e c t e d
n u t r i e n t  e l e m e n t s  i n  t o p s o l l  s a m p l e s  t a k e n  from s u r v e y  s i t e s .
S i t e pH-^ 0M—^ P 3 / N a V K Ca Mg Cu—^ Zn Fe Mn
1 6 . 6
8 k g ” 1 
2 3 . 7 8 85 207 6869
-mg k g '
1426
1_______
1 . 7 0 . 4 5 61 2 . 6
2 5 . 5 3 0 . 2 23 36 101 4373 748 2 . 7 5 . 4 0 182 6 . 3
3 5 . 7 2 2 . 7 19 87 129 5095 915 1 . 4 2 . 4 7 121 2 . 9
4 5 . 2 3 1 . 5 16 43 198 6100 1325 3 . 2 3 . 3 0 171 1 7 . 3
5 5 . 5 2 9 . 3 <5 69 283 6845 1440 3 . 7 1 1 . 8 0 166 1 6 . 9
6 5 . 4 2 6 . 7 11 44 139 5688 923 2 . 0 3 . 2 0 153 5 . 2
7 6 .  1 2 8 . 4 17 31 232 7205 1110 2 . 7 3 . 4 0 50 1 7 .1
—^ pH was  d e t e r m i n e d  i n  1:1  s o i l i w a t e r  s l u r r y .
2 /—' O r g a n i c  m a t t e r  was d e t e r m i n e d  by m o d i f i e d  W a l k l e y - B l a c k  m e th o d .
*3 §
—' P was  e x t r a c t e d  u s i n g  m o d i f i e d  B ray  I I  p r o c e d u r e .
—^ Na,  K, C a , and  Mg w e r e  e x t r a c t e d  u s i n g  N NH^OAc s o l u t i o n ,  pH 7 . 0 .  
- ^ C u ,  Zn,  F e , a n d  Mn w e r e  e x t r a c t e d  u s i n g  DTPA-TEA s o l u t i o n ,  pH 7 . 3 .
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T a b l e  17.  C o n c e n t r a t i o n s  o f  s e l e c t e d  n u t r i e n t  e l e m e n t s  I n  t o p  m a t u r e  
s o y b e a n  l e a f  t i s s u e  s a m p l e s  f r o m  s u r v e y  s i t e s .
S i t e P K Ca Mg Cu Zn Fe Mn Fe/Mn
1 2 . 5
--------- g k g  1
1 0 . 5  1 2 . 6 3 . 4 9
-----mg k g  1 -
53 96 9 1 0 . 7
2 3 . 0 1 2 . 5 1 2 . 2 3 . 5 10 85 128 45 2 . 8
3 2 . 6 1 1 . 3 1 2 . 6 3 , 8 10 64 108 21 5 .1
4 2 . 3 1 0 . 3 1 2 . 0 3 . 6 10 80 112 63 1 .8
5 2 . 6 1 2 . 9 1 1 . 4 3 . 0 11 74 117 59 2 . 0
6 2 . 5 1 2 . 6 1 3 . 2 3 . 0 12 60 113 27 4 . 2
7 2 . 4 1 3 . 5 1 0 . 3 3 .1 10 44 120 36 3 . 3
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T a b le  1 8 .  S o l i  r e a c t i o n  (pH), o r g a n i c  m a t t e r ,  and c o n t e n t  o f  s e l e c t e d
n u t r i e n t  e l e m e n t s  i n  s a m p le s  ta k e n  a t  S i t e  2 by depth.
I b e r i a  c l a y  ( lo w  c l a y  end).
D epth pH^/ O.M.—^ p l / N a V K Ca Mg C u V Zn Fe Mn
cm g k g ’ 1 •mg kg 1
0 - 1 3 5 . 5 3 0 . 2 23 36 101 4373 748 2 . 7 3 5 . 4 182 6 . 3
13-20 5 . 4 2 8 . 0 6 74 81 5050 878 2 . 7 2 6 .4 208 5 . 0
2 0 -28 5 . 9 1 2 .5 <5 130 124 6755 1395 2 . 5 8 3 . 4 53 3 . 5
2 8 -3 8 6 . 5 9 . 5 <5 162 113 6063 1328 1 . 6 8 3 . 2 14 5 . 7
3 8 -5 0 7 . 2 6 . 3 <5 175 99 5880 1233 1 .0 5 2 . 5 6 2 . 6
5 0 -6 0 7 . 8 3 . 7 <5 193 99 6055 1168 0 . 7 1 1 .9 5 2 . 0
6 0 - 7 0 7 . 9 3 . 9 6 220 127 6588 1148 0 .6 1 3 . 2 5 1 .6
7 0 -7 8 7 . 8 3 . 7 14 226 121 5410 1068 0 . 5 9 2 . 8 5 2 .1
7 8 -8 4 7 . 7 3 . 2 50 241 79 4735 1030 0 . 5 5 2 . 2 4 1. 5
8 4 -9 5 7 . 8 2 . 8 32 303 90 5620 1143 0 . 5 5 3 .1 4 2 . 6
-^pH was d e t e r m i n e d  I n 1:1 s o i l :w a t e r s l u r r y .
2 /—' O r g a n i c  m a t t e r  was d e t e r m i n e d  by m o d i f i e d  W a l k l e y - B l a c k  m e th o d .
3 / P was e x t r a c t e d  u s i n g  m o d i f i e d  B ray  I I  p r o c e d u r e .
- ^ N a , K, Ca, and Mg were e x t r a c t e d  u s i n g  N NH^OAc s o l u t i o n ,  pH 7 . 0 .
-^Cu, Zn, F e , and Mn were e x t r a c t e d  u s i n g  DTPA-TEA s o l u t i o n ,  pH 7 . 3 .
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T a b le  19.  S o i l  r e a c t i o n  (pH),  o r g a n i c  m a t t e r ,  and c o n t e n t  o f  s e l e c t e d
n u t r i e n t  e l e m e n t s  i n  s o i l  s a m p l e s  t a k e n  a t  S i t e  3 by dep th .
B a ld w in  c l a y  ( c l a y  o v e r w a s h  p h a s e ) .
D e p th pH-^ O.M.—^ p 31 Na-y  k Ca Mg Cul^ Zn Fe Mn
cm rw I/- r* 1 1_______g *g mg kg
0 - 1 3 5 . 7 2 2 . 7 19 87 129 5095 915 1 .4 3 2 . 5 121 2 . 9
1 3 - 2 0 6 . 1 1 3 . 4 <5 134 144 5638 1195 1 . 3 8 2 . 4 52 3 . 5
2 0 - 2 8 7 . 0 6 . 3 <5 174 127 6203 1375 0 . 9 9 5 . 7 8 4 . 2
2 8 - 3 7 7 . 5 5 . 0 <5 189 105 5535 1205 0 . 6 1 2 . 9 4 2 . 9
3 7 - 4 3 7 . 8 3 . 7 41 811 129 4998 960 0 . 4 3 1 .1 5 1 .3
4 3 -5 1 7 . 6 3 . 2 47 195 81 4 9 1 5 928 0 . 4 1 2 . 8 5 1 . 9
5 1 - 6 0 7 . 7 2 . 4 79 224 126 4675 948 0 . 4 9 1 . 0 4 2 . 2
6 0 -7 1 7 . 6 1 . 5 88 176 56 3635 720 0 . 3 4 0 . 7 4 2 . 0
71-81 7 . 5 0 . 6 120 107 40 2433 440 0 . 3 0 0 . 4 4 1.1
8 1 - 9 1 7 . 5 0 . 6 76 92 53 2315 433 0 . 3 5 0 . 7 5 0 . 7
i^ p H  was d e t e r m i n e d  i n 1:1 s o i l : w a t e r s l u r r y •
2 /— O r g a n i c  m a t t e r  was d e t e r m i n e d  by m o d i f i e d  W a l k l e y - B l a c k  m e th o d .
3 /
— P was  e x t r a c t e d  u s i n g  m o d i f i e d  B ra y  I I  p r o c e d u r e .
L j
— N a , K, C a , and  Mg w ere  e x t r a c t e d  u s i n g  N NH^OAc s o l u t i o n ,  pH 7 . 0 .  
- ^ C u ,  Zn,  F e , a n d  Mn w e r e  e x t r a c t e d  u s i n g  DTPA-TEA s o l u t i o n ,  pH 7 . 3 .
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T a b le  20 .  S o i l  r e a c t i o n  (pH),  o r g a n i c  m a t t e r ,  and c o n t e n t  o f  s e l e c t e d
n u t r i e n t  e l e m e n t s  In  s o i l  s a m p l e s  t a k e n  a t  S i t e  4 by d ep th .
I b e r i a  c l a y .
D e p th pH^/ O . M . ^ p 3 / Na—^ K Ca Mg Cu—^ Zn Fe Mn
cm „  I -  ry 1 - 1g Kg mg k g
0 - 1 3 5 . 2 3 1 . 5 16 43 198 6100 1325 3 . 1 8 3 . 3 171 1 7 . 3
1 3 - 2 0 5 . 4 2 9 . 5 <5 65 155 6558 1405 3 . 4 6 1 0 . 6 189 1 5 . 9
2 0 -3 1 5 . 2 2 1 . 4 <5 85 150 6618 1455 3 . 8 4 4 . 0 119 7 . 0
3 1 -4 1 6 . 3 1 1 . 2 <5 108 140 6640 1565 3 . 2 0 3 . 2 47 3 . 7
4 1 - 5 3 6 . 4 9 . 9 <5 148 194 7198 1748 2 . 0 2 2 . 3 17 2 . 9
5 3 - 6 7 7 . 4 5 . 4 24 199 222 8075 2000 1 . 2 9 1 .2 8 1 . 2
6 7 - 8 0 7 . 4 5 . 4 13 202 137 7548 1895 1 . 1 5 2 . 3 8 1 . 9
8 0 - 9 1 7 . 6 3 . 7 9 223 154 7675 1935 1 . 0 5 1 . 3 7 2 . 5
—^ pH was  d e t e r m i n e d  i n  1 :1  s o i l : w a t e r  s l u r r y .
2 /—' O r g a n i c  m a t t e r  was  d e t e r m i n e d  by  m o d i f i e d  W a l k l e y - B l a c k  m e t h o d .
3 /—' P was  e x t r a c t e d  u s i n g  m o d i f i e d  B ray  I I  p r o c e d u r e .
—^ Na, K, Ca, and Mg w ere  e x t r a c t e d  u s i n g  N NH^OAc s o l u t i o n ,  pH 7 . 0 .
—^ Cu, Zn, F e , and Mn were  e x t r a c t e d  u s i n g  DTPA-TEA s o l u t i o n ,  pH 7 . 3 .
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T a b l e  2 1 .  S o i l  r e a c t i o n  (pH), o r g a n i c  m a t t e r ,  and c o n t e n t  o f  s e l e c t e d
n u t r i e n t  e l e m e n t s  I n  s o i l  s a m p l e s  ta k e n  a t  S i t e  5 by d ep th .
I b e r i a  c l a y .
D e p th p h I / 0 .M.—^ p 3 / Na-^ ' K Ca Mg Zn Fe Mn
cm g k g " 1 ------- --------- -------- --------------- — mg k g ’-1 ______ ----------- -------- ---------
0 - 9 5 . 5 2 9 . 3 <5 69 283 6845 1440 3 . 6 6 1 1 . 8 166 1 6 . 9
9 - 1 8 5 . 5 1 8 . 7 <5 98 264 7135 1495 4 . 2 2 7 . 2 138 7 . 5
1 8 -2 7 5 . 7 1 6 . 9 <5 114 268 7548 1610 4 . 5 2 6 . 5 87 4 . 3
2 7 - 3 6 6 . 0 9 . 4 <5 146 215 6945 1590 3 . 2 0 6 . 7 43 2 . 8
3 6 - 4 6 6 . 1 1 0 . 7 <5 142 249 7370 1623 2 . 6 8 8 . 2 37 3 . 8
4 6 - 6 2 6 . 4 1 0 . 3 <5 163 243 7543 1693 2 . 1 5 4 . 6 31 3 . 7
6 2 - 7 5 6 . 3 6 . 3 <5 198 263 7823 1755 1 . 7 8 1 . 6 14 3 . 0
7 5 - 8 5 6 . 8 5 . 4 6 197 276 7718 1748 1 . 6 0 1 . 9 12 2 . 8
-^ p H  was  d e t e r m i n e d  i n  1 :1  s o i l : w a t e r  s l u r r y .
2 /- O r g a n i c  m a t t e r  was d e t e r m i n e d  by m o d i f i e d  W a l k l e y - B l a c k  m e th o d .
3 /-  P was  e x t r a c t e d  u s i n g  m o d i f i e d  Bray  I I  p r o c e d u r e .
-^ N a ,  K, Ca, and Mg w ere  e x t r a c t e d  u s i n g  N NH^OAc s o l u t i o n ,  pH 7 . 0 .
-^C u,  Zn, F e ,  and Mn were  e x t r a c t e d  u s i n g  DTPA-TEA s o l u t i o n ,  pH 7 . 3 .
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T a b le  2 2 .  S o i l  r e a c t i o n  (pH), o r g a n i c  m a t t e r ,  and c o n t e n t  o f  s e l e c t e d
n u t r i e n t  e l e m e n t s  i n  s o i l  s a m p l e s  t a k e n  a t  S i t e  6 by depth .
I b e r i a  c l a y  ( l o w  c l a y  end) .
D e p th pH—^ o .m . y P V Na—^ K Ca Mg Cu-^ Zn Fe Mn
cm 8 k g " 1 1 _- -m g  kg
0 - 1 3 5 . 4 2 6 . 7 11 44 139 5688 923 2 . 0 4 3 . 2 153 5 . 2
1 3 - 2 2 5 . 9 1 8 . 3 <5 68 163 6498 1180 2 . 0 8 2 . 7 93 3 . 2
2 2 - 2 8 6 . 5 9 . 0 <5 98 169 7308 1425 1 . 7 4 8 . 5 38 1 . 0
2 8 - 3 7 6 . 9 8 . 5 <5 108 184 7948 1498 1 . 4 8 2 . 2 15 0 . 9
3 7 - 4 5 7 . 3 6 . 8 <5 115 136 6283 1353 1.11 2 . 8 9 1 . 0
4 5 - 5 2 7 . 8 3 . 7 <5 106 109 6803 1145 0 . 8 8 4 . 5 6 0 . 7
5 2 - 6 0 7 . 6 4 .  6 22 134 117 5548 1105 0 . 8 0 2 . 7 8 1 . 0
6 0 - 6 9 7 . 2 4 . 6 16 124 102 5978 1033 0 . 7 5 3 . 2 10 1 . 3
6 9 - 7 5 7 . 8 2 . 4 49 136 91 5163 973 0 . 4 4 3 . 1 4 0 . 9
7 5 - 7 9 7 . 7 5 . 4 32 148 96 5060 998 0 . 4 6 2 . 0 4 0 . 8
—^ pH was  d e t e r m i n e d  i n  1 :1  s o i l : w a t e r  s l u r r y .
1 i—' O r g a n i c  m a t t e r  was  d e t e r m i n e d  by m o d i f i e d  W a l k l e y - B l a c k  m e th o d .
3 /—' P  was  e x t r a c t e d  u s i n g  m o d i f i e d  B ra y  I I  p r o c e d u r e .
—^ Na,  K, Ca ,  and  Mg w e re  e x t r a c t e d  u s i n g  K NH^OAc s o l u t i o n ,  pH 7 . 0 .
—^ Cu,  Zn,  F e , a n d  Mn w e r e  e x t r a c t e d  u s i n g  DTPA-TEA s o l u t i o n ,  pH 7 . 3 .
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T a b le  23 .  S o i l  r e a c t i o n  (pH), o r g a n i c  m a t t e r ,  and c o n t e n t  o f  s e l e c t e d
n u t r i e n t  e l e m e n t s  i n  s o i l  s a m p l e s  ta k e n  a t  S i t e  7 by dep th .
I b e r i a  c l a y  ( l o w  c l a y  end) .
D e p th p H i / O.M.—^ p3/ N a-^ K Ca Mg Cu-^ Zn Fe Mn
cm 6 k g " 1 1mg kg
0 - 1 0 6 . 1 2 8 . 4 17 31 232 7205 1110 2 . 6 5 3 . 4 50 17 .1
1 0 - 2 0 6 . 7 1 8 . 3 <5 38 175 7128 1168 1 . 9 7 2 . 4 21 8 . 6
2 0 - 3 2 7 . 5 9 . 9 <5 48 166 8250 1560 1 . 2 8 2 .1 7 1 .1
3 2 - 4 2 7 . 8 4 . 6 <5 62 149 7755 1598 1 .1 7 1 . 5 9 6 . 1
4 2 -5 1 7 . 8 3 , 7 <5 67 116 6365 1350 1 . 1 0 2 . 9 5 2 . 0
5 1 - 5 8 7 . 7 2 . 4 <5 61 91 5688 1215 0 . 9 2 1 .1 3 0 . 3
5 8 - 6 4 7 . 8 3 . 2 14 80 107 6005 1220 0 . 7 8 2 . 7 4 1 . 9
6 4 - 7 0 7 . 8 3 . 7 16 72 84 5920 1155 0 . 7 2 1 . 9 4 1 . 6
7 0 - 7 6 7 . e 1 .5 34 69 82 5298 1035 0 . 5 4 1 . 4 3 1 .4
i^ p H  was  d e t e r m i n e d  i n  1 :1  s o l l i w a t e r  s l u r r y .
2 /— O r g a n i c  m a t t e r  was d e t e r m i n e d  by m o d i f i e d  W a l k l e y - B l a c k  m e th o d .
3 / P was  e x t r a c t e d  u s i n g  m o d i f i e d  B ray  I I  p r o c e d u r e .
—^ Na, K, Ca, and Mg w ere  e x t r a c t e d  u s i n g  N NH^OAc s o l u t i o n ,  pH 7 . 0 .
—^ Cu, Zn, F e , and Mn were  e x t r a c t e d  u s i n g  DTPA-TEA s o l u t i o n ,  pH 7 . 3 .
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d e p t h ,  b u t  pH v a l u e s  a p p r o a c h i n g  n e u t r a l i t y  w e r e  r e l a t i v e l y  c l o s e  t o  t h e  
s o i l  s u r f a c e  o n l y  a t  S i t e s  1, 2 ,  a n d  7. A l t h o u g h  n e u t r a l  o r  a l k a l i n e  pH 
w as  o b s e r v e d  a t  S i t e  7 ,  t h e  l e v e l  o f  s o i l  Mn w as  a p p a r e n t l y  a d e q u a t e  f o r  
s o y b e a n  p l a n t  n e e d s .
R e g r e s s i o n s  o f  s e e d  y i e l d  w i t h  s e l e c t e d  s o i l  and  l e a f  t i s s u e  
v a r i a b l e s  a r e  p r e s e n t e d  i n  T a b l e  24 .  The d a t a  show t h a t  t h e r e  w e r e  
s i g n i f i c a n t  r e l a t i o n s h i p s  b e t w e e n  s e e d  y i e l d  a n d  s o i l  Zn, and  l e a f  
t i s s u e  K, F e ,  a n d  Mn.
Mn r a t e  e x p e r i m e n t  ( g r e e n h o u s e )
The i n f l u e n c e  o f  d i f f e r e n t  r a t e s  o f  Mn a p p l i e d  t o  I b e r i a  s i l t y  c l a y  
o n  t h e  d r y  w e i g h t  o f  C e n t e n n i a l  s o y b e a n s  g ro w n  i n  t h e  g r e e n h o u s e  i s  
show n i n  T a b l e  25. T h e r e  w as  a t r e n d  t o w a r d  i n c r e a s i n g  d r y  w e i g h t  o f
s t e m s  + l e a v e s ,  n o d u l e s ,  a n d  t o t a l  o f  p l a n t  p a r t s  a s  t h e  r a t e  o f  Mn
a p p l i e d  t o  t h e  s o i l  i n c r e a s e d  f ro m  0.0 t o  12.3 mg kg  * . The d ry  w e i g h t  
v a l u e s  f o r  t h e s e  p l a n t  p a r t s  r e a c h e d  a  maximum v a l u e  a t  t h e  a p p l i c a t i o n  
r a t e  o f  12.3 mg k g - * a n d  t e n d e d  t o  d e c r e a s e  a s  t h e  r a t e  o f  Mn 
a p p l i c a t i o n  i n c r e a s e d  f r o m  12.3 t o  20.5 mg k g - *. T h es e  h i g h e r  r a t e s  o f  
Mn may h a v e  b e e n  m a r g i n a l l y  t o x i c  t o  t h e  s o y b e a n  p l a n t .  T h e r e  w e r e  no 
s i g n i f i c a n t  d i f f e r e n c e s  among t r e a t m e n t s  i n  d r y  w e i g h t  o f  r o o t s  and  
r o o t s  + n o d u l e s .
The d a t a  i n  T a b l e  26 show t h e  i n f l u e n c e  o f  d i f f e r e n t  r a t e s  o f  Mn 
a p p l i e d  t o  t h e  s o i l  on  t h e  O hk i  i n d e x  o f  Mn d e f i c i e n c y  ( O h k i ,  1976)  f o r
s o y b e a n s  g r o w n  i n  t h e  g r e e n h o u s e .  At t h e  V3 s t a g e  o f  s o y b e a n  p l a n t
d e v e l o p m e n t  v i s u a l  s y m p to m s  o f  Mn d e f i c i e n c y  w e r e  r a t e d  a s  " s l i g h t "  by 
t h e  O h k i  i n d e x  a t  Mn a p p l i c a t i o n  r a t e s  o f  0 . 0 ,  0 . 7 ,  a n d  1.4 mg k g  *. 
A l s o ,  no  d e f i c i e n c y  s y m p to m s  w e r e  n o t e d  f o r  p l a n t s  g r o w i n g  i n  p o t s  w h i c h
59
T a b le  2 4 .  R e g r e s s i o n  o f  s e e d  y i e l d  (Y)—^  w i t h  s o i l  and s o y b e a n  l e a f
t i s s u e  v a r i a b l e s .  Survey  e x p e r i m e n t  ( S i t e s  1 -  7) .
S o i l  V a r i a b l e  ( X > ^ r 2 R e g r e s s i o n  E q u a t i o n
Zn 0 . 5 2 4 * Y -  2624 + 5 0 . 5 6  X
T i s s u e  V a r i a b l e  (X )—^
K 0 . 5 4 9 * Y -  1149 + 142 X
Fe 0 . 8 0 0 * Y -  834 + 1 8 . 0  X
Mn 0 . 4 3 6 * Y -  2565  + 7 . 6 0  X
—^ U n i t s  i n  k g  h a   ^ .
I f  —1 — 1—' U n i t s  i n  mg k g  , e x c e p t  u n i t s  f o r  o r g a n i c  m a t t e r  i n  g kg .
3 /  - 1  - 1— U n i t s  i n  g kg  , e x c e p t  u n i t s  f o r  C u f Z n , F e , a n d  Mn i n  mg kg
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T a b le  2 5 .  I n f l u e n c e  o f  d i f f e r e n t  r a t e s  o f  Mn a p p l i e d  t o  I b e r i a  s i l t y
c l a y — on dry  w e i g h t  o f  C e n t e n n i a l  s o y b e a n s  grown In th e
g r e e n h o u s e .
P l a n t P a r t s
Mn r a t e —^
S te m s *
L e a v e s R o o t s N o d u l e s
R o o t s *
N o d u l e s T o t a l —^
mg k g -1 g p o t
0 . 0 3 . 1 9 0 . 6 5 0 . 1 0 0 . 7 5 3 . 9 3
0 . 7 3 . 0 9 0 . 6 2 0 .1 1 0 . 7 3 3 . 8 2
1 . 4 3 . 4 4 0 . 8 0 0 . 1 3 0 . 9 3 4 . 3 6
2 . 1 3 .  53 0 . 7 9 0 . 1 5 0 . 9 4 4* 46
4 . 1 3 . 7 1 0 . 7 9 0 . 1 3 0 . 9 3 4 . 6 3
6 . 1 3 . 7 3 0 . 9 1 0 . 1 5 1 .0 5 4 . 7 8
8 . 2 3 . 5 5 0 . 8 1 0 . 1 7 0 . 9 8 4 . 5 3
1 0 . 2 3.  73 0 . 8 3 0 . 1 5 0 . 9 8 4 . 7 1
1 2 . 3 3 . 8 0 0 . 8 9 0 .  16 1 . 0 5 4 . 8 5
1 4 . 3 3 . 6 8 0 . 8 5 0 . 1 5 1 . 0 0 4 . 6 8
16 .4 3 .6 1 0 . 7 9 0 . 1 5 0 . 9 4 4 . 5 5
2 0 . 5 3 . 5 3 0 . 8 3 0 . 1 2 0 . 9 5 4 . 4 8
l s d 0.G5 0 . 3 9 NS 0 . 0 4 NS 0 . 5 0
CV, % 8 17 18 15 8
—^ The s o i l  c o n t a i n e d  13 mg kg~* e x t r a c t a b l e  P, 238 mg kg K, 4888  mg 
kg~* Ca,  1330 mg kg~* Mg, a n d  22.7 g k g  o r g a n i c  m a t t e r .  The pH w as  
6 . 8 .  The  D T P A - e x t r a c t a b l e  C u , Z n ,  F e , a n d  Mn w e r e  1 . 3 9 ,  0 . 5 1 ,  3 7 ,  a n d  
0 .59 mg kg  , r e s p e c t i v e l y .
—^ MnS0^.3H20, 27.3% Mn, w as  a d d e d  t o  e a c h  p o t  a t  i n d i c a t e d  r a t e  i n  
a q u e o u s  s o l u t i o n ;  e a c h  p o t  c o n t a i n e d  728  g d r y  s o i l ;  S was  b a l a n c e d  
f o r  e a c h  t r e a t m e n t  by a d d i t i o n  o f  Na2S0^,  22.6% S.
3 /— T o t a l  “  l e a v e s  + s t e m s  + r o o t s  + n o d u l e s .
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T a b l e  2 6 .  I n f l u e n c e  o f  d i f f e r e n t  r a t e s  o f  Mn a p p l i e d  t o  I b e r i a  s i l t y  
c l a y  o n  t h e  Ohki i n d e x  o f  Mn d e f i c i e n c y  o f  C e n t e n n i a l  
s o y b e a n s  g ro w n  i n  t h e  g r e e n h o u s e .
Mn r a t e - ^
Ohki 2 /i n d e x -  a t  s t a g e ;
V3 R1
mg k g ’ 1
0 . 0 3 . 0 2 . 8
0 . 7 2 . 8 3 . 3
1 . 4 3 . 0 2 .1
2 .1 2 . 3 1 . 6
4 . 1 2 . 0 1 . 4
6 . 1 1 . 5 1 . 4
8 . 2 1 . 5 1 .1
1 0 . 2 1 . 5 1 . 3
1 2 . 3 1 . 3 1 .1
1 4 . 3 1 . 3 1 .0
1 6 . 4 1 . 3 1 . 0
2 0 . 5 1 . 0 1 . 0
LSD0 . 0 5 0 . 8 0 . 5
CV, % 31 24
I ^ M n S O ^ l ^ O ,  27.3% 
a q u e o u s  s o l u t i o n ;
Mn, was  
e a c h  p o t
a d d e d  t o  e a c h  
c o n t a i n e d  728
p o t  a t  t h e  i n d i c a t e d  r a t e  i n  
g d r y  s o i l ;  S w a s  b a l a n c e d
f o r  e a c h  t r e a t m e n t  by t h e  a d d i t i o n  o f  N a2S0^ ,  22.6% S.
2 /—' O h k i  i n d e x  i s  v i s u a l  r a t i n g  s c a l e  o f  Mn d e f i c i e n c y  i n  s o y b e a n  p l a n t s :  
1 ■ n o  d e f i c i e n c y ,  2 ■ t r a c e ,  3 * s l i g h t ,  4 ■ s e v e r e ,  5 ■ v e r y  s e v e r e  
( O h k i ,  1 9 7 6 ) .
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r e c e i v e d  20 .5  mg k g - *. S o y b ean  p l a n t s  w e r e  a l s o  r a t e d  a t  h a r v e s t  (R1 
s t a g e  o f  d e v e l o p m e n t ) .  S l i g h t  d e f i c i e n c y  s y m p to m s  w e r e  a g a i n  n o t e d  f o r  
Mn a p p l i c a t i o n  r a t e s  o f  0.0 and  0.7 mg kg  * b u t  o n l y  " t r a c e "  d e f i c i e n c y  
s y m p to m s  w e r e  n o t e d  f o r  1.4 mg k g  *. No d e f i c i e n c y  s y m p to m s  a p p e a r e d  i n  
p l a n t s  w h i c h  h a d  r e c e i v e d  14.3 mg Mn k g - *. I n  g e n e r a l  Mn d e f i c i e n c y  
s y m p to m s  a p p e a r e d  t o  be more  s e v e r e  a t  t h e  V3 s t a g e  t h a n  a t  t h e  R1 s t a g e  
o f  d e v e l o p m e n t  f o r  a  g i v e n  r a t e  o f  Mn a p p l i c a t i o n .
The d a t a  i n  T a b l e  27 show t h e  i n f l u e n c e  o f  d i f f e r e n t  r a t e s  o f  Mn 
a p p l i e d  t o  I b e r i a  s i l t y  c l a y  on  c o n c e n t r a t i o n s  o f  s e l e c t e d  n u t r i e n t  
e l e m e n t s  i n  l e a v e s  and  s t e m s  o f  s o y b e a n s  g ro w n  i n  t h e  g r e e n h o u s e .  T h e r e  
w e r e  s i g n i f i c a n t  d i f f e r e n c e s  am ong  r a t e s  o f  Mn a p p l i e d  i n  t i s s u e  
c o n c e n t r a t i o n s  o f  Cu and Mn. T i s s u e  c o n c e n t r a t i o n s  o f  Mn i n c r e a s e d  
f ro m  7.5 mg k g - * f o r  t h e  c o n t r o l  t o  22.3 mg k g - * f o r  t h e  maximum r a t e  
(20 .5  mg Mn k g - * s o i l ) .  The t i s s u e  Fe:Mn r a t i o  t e n d e d  t o  d e c r e a s e  f r o m
8 . 4  t o  2 .5  a s  t h e  r a t e  o f  a p p l i e d  Mn i n c r e a s e d  f r o m  0 ,0  t o  2 0 . 5  mg k g - 1 , 
r e s p e c t i v e l y .  The d a t a  i n  T a b l e  26 s h o w e d  t h a t  n o  Mn d e f i c i e n c y  
s y m p to m s  w e r e  o b s e r v e d  i n  p l a n t s  (R1 s t a g e )  g r o w i n g  i n  p o t s  w h i c h  
r e c e i v e d  14.3 mg Mn k g - * s o i l .  The d a t a  i n  T a b l e  27 a l s o  show ed  t h a t  
t h e  c o n c e n t r a t i o n  o f  Mn i n  l e a f  t i s s u e  w as  16 mg k g - * and  t h e  t i s s u e  
Fe:Mn r a t i o  w as  3.2 f o r  s o y b e a n s  g r o w i n g  i n  s o i l  t r e a t e d  w i t h  14.3 mg Mn
The c r i t i c a l  t i s s u e  o r  s o i l  c o n c e n t r a t i o n  o f  a n u t r i e n t  e l e m e n t  may 
b e  d e f i n e d  a s  t h e  v a l u e  a t  w h i c h  90S  o f  t h e  maximum y i e l d  i s  p r o d u c e d  
( U l r i c h  a n d  H i l l s ,  1973) .  The d r y  w e i g h t  o f  s t e m s  + l e a v e s  ( T a b l e  25)  
r e a c h e d  a  maximum v a l u e  o f  3 .80  g p o t - * a t  t h e  Mn a p p l i c a t i o n  r a t e  o f  
1 2 . 3  mg k g - * s o i l .  N i n e t y  % o f  3 . 8 0  g p o t - * i s  3 . 4 2  g p o t - *. I f  3 . 4 2  g
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T a b l e  2 7 .  I n f l u e n c e  o f  d i f f e r e n t  r a t e s  o f  Mn a p p l i e d  t o  I b e r i a  s i l t y  
c l a y  o n  c o n c e n t r a t i o n s  o f  s e l e c t e d  n u t r i e n t  e l e m e n t s  I n  
l e a v e s  and  s t e m s  o f  C e n t e n n i a l  s o y b e a n s  g row n i n  t h e  
g r e e n h o u s e .
Mn r a t e i ^ P K Ca Mg Cu Zn Fe Mn F e /M n-
mg k g - 1 g kg 1 ----------- -------- —mg kg  1 — ---------
0 . 0 1 , 4 14 .2 9 .9 4 . 5 9 . 3 32 63 7.5 8 . 4
0 . 7 1 . 6 1 4 . 0 10 .1 4 . 6 7 . 8 30 54 7 . 8 6 . 9
1 . 4 1 , 3 1 3 . 2 9 . 8 4 . 5 7 . 5 36 55 9 . 5 5 . 8
2.  1 1 , 3 1 3 . 5 9 . 6 4 . 5 7 . 3 28 57 1 0 . 0 5 . 7
4 . 1 1 . 3 1 3 . 0 9 . 3 4 . 4 7 . 0 29 52 1 2 . 0 4 . 3
6 . 1 1 .2 1 2 . 4 9 . 0 4 . 2 7 . 0 25 52 1 3 . 8 3 . 8
8 . 2 1 . 3 1 2 . 6 8 . 9 4 . 3 7 . 0 26 63 1 3 . 0 4 . 8
1 0 .2 1 .2 1 2 . 0 8 . 8 4 . 4 5 . 8 27 51 1 3 . 8 3 . 7
1 2 . 3 1 . 2 12 .2 8 . 9 4 . 4 6 . 5 26 54 1 6 . 0 3 . 4
14 .3 1 . 3 1 2 . 8 9 .1 4 . 3 6 . 0 28 51 1 6 . 0 3 . 2
1 6 . 4 1 . 3 1 2 .7 9 . 0 4 . 3 6 . 3 27 61 2 0 . 5 3 . 0
2 0 . 5 1 . 4 1 3 . 5 9 . 7 4 . 7 6 . 8 36 55 2 2 . 3 2 . 5
LSD0 . 05 NS NS NS NS 1 . 5 NS NS 2 . 9
-----
CV, % 11 8 9 6 14 21 14 15 -----
i ^ M nS0^ .3H 20 ,  27.3% Mn, w as  a d d e d  t o  e a c h  p o t  a t  t h e  i n d i c a t e d  r a t e  i n  
a q u e o u s  s o l u t i o n ;  e a c h  p o t  c o n t a i n e d  728 g d r y  s o i l ;  S w as  b a l a n c e d  
f o r  e a c h  t r e a t m e n t  by t h e  a d d i t i o n  o f  N a2S 0^ f 22.6% S.
1 /—'T h e  r a t i o  o f  Fe t o  Mn was c a l c u l a t e d  u s i n g  mean v a l u e s  c o n t a i n e d  i n
t h e  t a b l e .
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p o t - * i s  a s s u m e d  t o  be  t h e  y i e l d  v a l u e  a t  w h i c h  c r i t i c a l  s o i l -  and 
t i s s u e - t e s t  l e v e l s  o f  Mn a r e  e s t a b l i s h e d ,  t h e n  1.4 mg Mn k g  * s o i l  and
9.5  mg Mn kg~* s t e m s  + l e a v e s  a r e  c r i t i c a l  s o i l  and  t i s s u e  
c o n c e n t r a t i o n s ,  r e s p e c t i v e l y  ( T a b l e  27) .
The i n f l u e n c e  o f  d i f f e r e n t  r a t e s  o f  Mn a p p l i e d  t o  I b e r i a  s i l t y  c l a y  
on c o n c e n t r a t i o n s  o f  s e l e c t e d  n u t r i e n t  e l e m e n t s  i n  n o d u l a t e d  r o o t s  o f  
C e n t e n n i a l  s o y b e a n s  g r o w n  I n  t h e  g r e e n h o u s e  i s  p r e s e n t e d  i n  T a b l e  28.
As t h e  r a t e  o f  a p p l i e d  Mn i n c r e a s e d  t h e  t i s s u e  Fe:Mn r a t i o  t e n d e d  t o  
d e c r e a s e  a n d  t h e  c o n c e n t r a t i o n  o f  Mn i n  t h e  t i s s u e  s i g n i f i c a n t l y  
i n c r e a s e d .
The d a t a  i n  T a b l e  29  show t h e  i n f l u e n c e  o f  d i f f e r e n t  r a t e s  o f  Mn 
a p p l i e d  t o  I b e r i a  s i l t y  c l a y  on  t h e  c o n c e n t r a t i o n s  o f  DTPA-TEA- 
e x t r a c t a b l e  s o i l  Cu, Zn, Fe ,  a n d  Mn f o l l o w i n g  C e n t e n n i a l  s o y b e a n s  g ro w n  
i n  t h e  g r e e n h o u s e .  T h e r e  w e re  s i g n i f i c a n t  d i f f e r e n c e s  am ong t r e a t m e n t s  
i n  e x t r a c t a b l e  Mn. The  f o l l o w i n g  v a l u e s  f o r  D T P A - T E A - e x t r a c t a b l e  Mn i n  
t h e  u n t r e a t e d  s u r f a c e  s o i l  w e r e  o b t a i n e d  d u r i n g  t h e  f i e l d  e x p e r i m e n t  
( p r i m a r y  s i t e ) :  2 .8  mg k g - 1  ( T a b l e  5 ,  Y e a r  1 ) ,  2.1 mg k g - 1  ( T a b l e  6 ,  
Y e a r  1 ) ,  2 . 6  mg k g - 1  ( T a b l e  7 ,  Y e a r  2 ) ,  3 . 4  mg k g - 1  ( T a b l e  8 ,  Y e a r  3 ) ,  
a n d  1.5 mg k g - * ( T a b l e  9 ,  Y e a r  5 ) .  The  D T P A - T E A - e x t r a c t a b l e  Mn 
c o n c e n t r a t i o n  i n  t h e  c o n t r o l  p o t  ( T a b l e  2 9 ,  Mn r a t e  e x p e r i m e n t  i n  t h e  
g r e e n h o u s e )  w as  0 .59  mg k g - *. S i n c e  Mn s o l u b i l i t y  i s  l a r g e l y  d e p e n d e n t  
on  t h e  o x i d a t l o n - r e d u c t i o n  s t a t e  o f  t h e  s o i l ,  t h e s e  d i f f e r e n c e s  i n  Mn 
c o n t e n t  may h a v e  b e e n  due  t o  d i f f e r e n c e s  i n  s o i l  m o i s t u r e  d u r i n g  s a m p l e  
p r e p a r a t i o n .  A l s o ,  t h e  Mn c o n t e n t  o f  s o i l  u s e d  i n  t h e  Mn r a t e  
e x p e r i m e n t  i n  t h e  g r e e n h o u s e  ( T a b l e  29)  w as  l e s s  t h a n  1 / 2  t h e  c o n t e n t  o f  
t h a t  o b t a i n e d  f ro m  t h e  p r i m a r y  s i t e  f i e l d  e x p e r i m e n t  ( T a b l e  9) .
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T a b l e  2 8 .  I n f l u e n c e  o f  d i f f e r e n t  r a t e s  o f  Mn a p p l i e d  t o  I b e r i a  s i l t y
c l a y  on c o n c e n t r a t i o n s  o f  s e l e c t e d  n u t r i e n t  e l e m e n t s  i n  r o o t s
and n o d u l e s  o f  C e n t e n n i a l  s o y b e a n s  grown In  t h e  g r e e n h o u s e .
Mn r a t e i - ^ P K Ca Mg Cu Zn Fe Mn Fe/Mn'
mg k g - 1 ---------------- g k g  1— --------- ---------- —mg kg  1----
0 . 0 1 . 3 1 3 . 6 2 . 8 6 . 1 1 7 . 3 18 665 1 0 . 3 65
0 . 7 1 . 3 1 3 . 8 2 . 8 6 . 0 1 7 . 3 17 649 1 1 . 3 57
1 . 4 1 . 4 14 .4 2 . 8 6 . 8 1 8 . 0 17 593 1 0 . 8 55
2 .1 1 . 2 1 2 . 8 3 . 0 6 . 7 1 4 . 6 13 550 8 . 8 63
4 . 1 1 . 3 1 3 . 6 2 . 6 7 . 2 1 5 . 8 14 583 1 1 . 5 51
6 . 1 1 . 2 1 2 . 9 2 . 5 7 . 8 1 6 . 0 13 576 1 3 . 3 43
8 . 2 1 . 2 14 .1 2 . 9 7 . 0 1 6 . 0 15 595 1 4 . 0 43
1 0 . 2 1 . 3 1 3 . 4 2 . 5 7 . 8 1 6 . 3 21 529 1 4 . 5 36
1 2 . 3 1 . 3 1 3 . 6 3 . 3 7 . 8 1 6 . 0 15 610 1 5 . 3 40
1 4 . 3 1 . 3 1 3 . 6 2 . 5 6 . 8 1 5 . 5 14 552 2 1 . 3 26
1 6 . 4 1 . 2 1 3 . 0 2 . 3 7 . 2 1 5 . 0 15 564 2 5 . 8 22
2 0 . 5 1 . 4 1 4 . 2 3 . 5 7 . 9 1 6 . 8 31 649 4 0 . 8 16
LSD0 . 0 5 NS NS NS 0 . 1 NS NS NS 9 . 3 —
CV, % 7 10 27 9 10 50 10 39 —
i^ M nSO ^ .S l^O ,  27.3% Mn, was  a d d e d  t o  e a c h  p o t  a t  t h e  i n d i c a t e d  r a t e  i n  
a q u e o u s  s o l u t i o n ;  e a c h  p o t  c o n t a i n e d  728 g d r y  s o i l ;  S w as  b a l a n c e d  
f o r  e a c h  t r e a t m e n t  by t h e  a d d i t i o n  o f  Na2 S0 4 , 22.6% S.
? /
= -’  The r a t i o  o f  Fe t o  Mn was c a l c u l a t e d  u s i n g  mean v a l u e s  c o n t a i n e d  in
t h e  t a b l e .
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T a b l e  2 9 .  I n f l u e n c e  o f  d i f f e r e n t  r a t e s  o f  Mn a p p l i e d  t o  I b e r i a  s i l t y  
c l a y  on  c o n c e n t r a t i o n s  o f  D T P A - T E A - e x t r a c t a b l e  Cu,  Zn,  Fe ,  
a n d  Mn i n  I b e r i a  s i l t y  c l a y  f o l l o w i n g  C e n t e n n i a l  s o y b e a n s  
g r o w n  i n  t h e  g r e e n h o u s e .
Mn r a t e —^ Cu Zn Fe Mn Fe/M n-^
0 . 0 1 . 3 9
k g " 1---------
0 .5 1 37 0 . 5 9 63
0 . 7 1 .3 1 0 . 4 6 34 0 . 7 3 47
1 . 4 1 .3 7 0 . 4 8 37 0 . 7 2 51
2 . 1 1 . 3 9 0 . 4 9 37 0 . 7 9 47
4 . 1 1 . 3 0 0 . 4 8 37 0 . 7 0 53
6 . 1 1 . 3 8 0 . 4 9 38 1 .11 34
8 . 2 1 . 3 5 0 . 5 1 37 0 . 9 4 39
1 0 . 2 1 .3 7 0 . 5 0 37 1 . 6 0 23
1 2 . 3 1 .4 0 0 . 6 1 37 1 .48 25
1 4 . 3 1 . 4 2 0 , 5 1 39 2 . 1 8 18
1 6 .4 1 . 3 8 0 . 5 1 38 1 . 7 7 21
2 0 . 5 1 . 2 9 0 . 4 9 37 1 . 9 6 19
LSD0 . 0 5 NS NS NS 0 . 6 8 —
CV, % 6 16 6 39 —
-^M nS0^ .3H20,  27,3% Mn, was  a d d e d  t o  e a c h  p o t  a t  t h e  I n d i c a t e d  r a t e  I n  
a q u e o u s  s o l u t i o n ;  e a c h  p o t  c o n t a i n e d  728 g  d r y  s o i l ;  S w a s  b a l a n c e d  
f o r  e a c h  t r e a t m e n t  by t h e  a d d i t i o n  o f  Na2 S0 ^ ,  22.6X S.
2 /—'The r a t i o  o f  Fe t o  Mn was c a l c u l a t e d  u s i n g  mean v a l u e s  c o n t a i n e d  i n
t h e  t a b l e .
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C u l t i v a t i o n  o f  tw o  s o y b e a n  p l a n t s  I n  726 g s o i l  may h ave  d e p l e t e d  Mn 
f r o m  t h e  c h e l a t a b l e  p o o l  ( D T P A - T E A - e x t r a c t a b l e )  t o  a  g r e a t e r  e x t e n t  t h a n  
i t  d i d  i n  t h e  f i e l d  e x p e r i m e n t s .
The i n f l u e n c e  o f  d i f f e r e n t  r a t e s  o f  Mn a p p l i e d  t o  I b e r i a  s i l t y  c l a y  
o n  t h e  n o d u l e  c o u n t  a n d  t h e  r a t e  o f  a c e t y l e n e  r e d u c t i o n  by n o d u l a t e d  
r o o t s  o f  C e n t e n n i a l  s o y b e a n s  g r o w n  i n  t h e  g r e e n h o u s e  i s  p r e s e n t e d  i n  
T a b l e  30.  T h e r e  w e r e  s i g n i f i c a n t  d i f f e r e n c e s  am ong  r a t e s  o f  a p p l i e d  Mn 
i n  t h e  n u m b e r  o f  n o d u l e s  p e r  p l a n t ,  t h e  r a t e  o f  a c e t y l e n e  r e d u c t i o n  p e r  
p l a n t  a n d  t h e  r a t e  o f  a c e t y l e n e  r e d u c t i o n  p e r  g o f  d r y  n o d u l e  w e i g h t .  
H o w e v e r ,  t h e r e  w as  no s i g n i f i c a n t  d i f f e r e n c e  am ong  t r e a t m e n t s  i n  t h e  
r a t e  o f  a c e t y l e n e  r e d u c t  i o n  p e r  n o d u l e  o r  p e r  g o f  d r y  p l a n t  t  i s s u e .  
A p p a r e n t l y  t h e  a b i l i t y  o f  t h e  s o y b e a n  p l a n t - B r a d y r h l z o b i u m  j a p o n i c u m  
a s s o c i a t i o n  t o  r e d u c e  a c e t y l e n e  a n d ,  by  i n f e r e n c e ,  t o  r e d u c e  N2 w as  n o t  
d e p e n d e n t  on t h e  t o t a l  d r y  w e i g h t  o f  t h e  s o y b e a n  p l a n t  o r  t h e  n u m b e r  o f  
n o d u l e s  i n  t h e  r o o t  s y s t e m .
S i m p l e  c o r r e l a t i o n  c o e f f i c i e n t s  among t i s s u e  c o n c e n t r a t i o n s  o f  
s e l e c t e d  e l e m e n t s  i n  r o o t s  a n d  l e a v e s  + s t e m s ,  e x t r a c t a b l e  s o i l  n u t r i e n t  
e l e m e n t s ,  and  t h e  Ohki i n d e x  a r e  shown i n  T a b l e  31.  A l l  c o r r e l a t i o n  
c o e f f i c i e n t s  w e r e  c h o s e n  on t h e  b a s i s  o f  r  > 0 .600 .  A l l  v a l u e s  r e p o r t e d  
i n  t h i s  t a b l e  w e r e  h i g h l y  s i g n i f i c a n t .
M u l t i p l e  n u t r i e n t  e l e m e n t  e x p e r i m e n t  ( g r e e n h o u s e )
The d a t a  i n  T a b l e  32 show t h e  i n f l u e n c e  o f  Cu, Zn,  F e , Mn, a n d  P 
a p p l i e d  t o  I b e r i a  s i l t y  c l a y  on t h e  d r y  m a t t e r  y i e l d  o f  C e n t e n n i a l  
s o y b e a n s  g r o w n  i n  t h e  g r e e n h o u s e .  T h e r e  w e r e  s i g n i f i c a n t  d i f f e r e n c e s  
among t r e a t m e n t s  i n  t h e  d r y  w e i g h t  o f  l e a v e s  + s t e m s ,  r o o t s  ( n o d u l e s  
r e m o v e d ) ,  n o d u l e s ,  and  r o o t s  + n o d u l e s .  T h e r e  w as  a  t r e n d  t o w a r d
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T a b l e  3 0 .  I n f l u e n c e  o f  d i f f e r e n t  r a t e s  o f  Mn a p p l i e d  t o  I b e r i a  s i l t y  
c l a y  on  n o d u l e  c o u n t  and  r a t e  o f  a c e t y l e n e  r e d u c t i o n  by 
n o d u l a t e d  r o o t s  o f  C e n t e n n i a l  s o y b e a n s  g ro w n  i n  t h e  
g r e e n h o u s e .
N o d u le
Mn r a t e -  c o u n t   n m o l e s  e t h y l e n e  e v o l v e d  h r
mg k g ” 1 n o .  p l a n t -1 p l a n t  1 n o d u l e  1 g _ n o d u l e  1 g p l a n t
0 . 0 29 315 11 630 163 y
0 . 7 29 347 12 658 184
1 . 4 33 469 15 710 216
2 . 1 35 429 13 609 192
4 . 1 39 372 10 559 163
6 . 1 32 423 13 591 180
8 . 2 43 523 12 640 231
10 .2 38 388 11 513 165
1 2 . 3 42 445 11 559 186
1 4 . 3 40 329 9 451 140
1 6 . 4 38 335 9 436 146
2 0 . 5 40 316 8 510 141
^ 0 . 0 5 9 128 NS 146 NS
c v ,  % 17 23 18 22 30
-^M nS0^ .3H20,  27.3% Mn, w as  a d d e d  t o  e a c h  p o t  a t  t h e  I n d i c a t e d  r a t e  i n  
a q u e o u s  s o l u t i o n ;  e a c h  p o t  c o n t a i n e d  728  g d r y  s o i l ;  S was  b a l a n c e d  
f o r  e a c h  t r e a t m e n t  by t h e  a d d i t i o n  o f  Na2 S0^ ,  22.6% S.
2 /- T h e  t o t a l  dry  w e i g h t  o f  t h e  p l a n t  ( l e a v e s  + s t e m s  + r o o t s  + n o d u l e s )
was u s e d  t o  c a l c u l a t e  n m oles  e t h y l e n e  e v o l v e d  hr g _ p l a n t - 1 .
69
T a b l e  3 1 .  S i m p l e  c o r r e l a t i o n  c o e f f i c i e n t s  am ong  t i s s u e  c o n c e n t r a t i o n s  
o f  s e l e c t e d  n u t r i e n t  e l e m e n t s  i n  r o o t s  a n d  s h o o t s ,  
e x t r a c t a b l e  s o i l  e l e m e n t s ,  and  Ohki  i n d e x  (Mn r a t e  e x p e r i m e n t  
i n  g r e e n h o u s e ) .
V a r i a b l e s ^  r
l e a f & s t e m Ca l e a f & s te m  Mg 0 . 8 1 1
l e a f & s t e m Mg l e a f & s t e m  P 0 . 7 7 5
l e a f & s t e m Mn r o o t Mn 0 . 7 6 7
l e a f & s t e m K l e a f & s t e m  P 0 . 7 5 8
l e a f & s t e m K l e a f & s t e m  Ca 0 . 7 5 3
l e a f & s t e m P r o o t P 0 . 7 1 1
l e a f & s te m P l e a f & s t e m  Ca 0 . 6 9 6
r o o t Cu r o o t P 0 . 6 7 5
l e a f & s t e m P l e a f & s te m  Zn 0 . 6 6 0
l e a f & s t e m P l e a f & s t e m  Cu 0 . 6 5 6
l e a f & s te m Mg l e a f & s t e m  K 0 . 6 5 1
Ohki (V3) ACET--2 y 0 . 6 4 0
ACET--i y n o d u l e  w e i g h t 0 . 6 1 3
s o i l Fe s o i l Cu 0 . 6 0 0
Ohki ( R l )
ot o t a l  p l a n t  w e i g h t ^ - 0 . 6 0 0
l e a f & s t e m K l e a f & s t e m  w e i g h t - 0 . 6 1 8
Ohki ( V3) l e a f & s t e m  Mn - 0 . 6 9 6
Ohki ( R l ) l e a f & s t e m  Mn - 0 . 7 0 5
i/A C E T-1  "  n m o l e s  e t h y l e n e  e v o l v e d  s e c  * p l a n t - * ;
ACET-2 * n m o l e s  e t h y l e n e  e v o l v e d  s e c -  ( g  o f  n o d u l e )  .
2 /— T o t a l  p l a n t  w e i g h t  “  l e a v e s  + s t e m s  + r o o t s  + n o d u l e s .
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T a b l e  3 2 .  I n f l u e n c e  o f  Cu, Zn, Fe,  Mn, and P a p p l i e d  t o  I b e r i a  s i l t y
c l a y — on t h e  dry  m a t t e r  y i e l d  o f  C e n t e n n i a l  s o y b e a n s  grown
i n  t h e  g r e e n h o u s e .
P l a n t P a r t s
E l e m e n t —/ R a t e - /
L e a v e s *
S t e m s R o o t s N o d u l e s
R o o t s *
N o d u l e s T o t a l - /
mg k g ' * —g p o t  *-
C o n t r o l 6 . 8 8 2 . 9 0 0 . 3 4 3 . 2 3 1 0 .1 1
Cu 0 . 5 7 , 9 9 3 . 2 2 0 . 3 8 3 . 5 9 1 1 . 5 8
Zn 2 . 5 6 . 2 4 2 . 4 5 0 . 3 0 2 . 7 4 8 . 9 8
Fe 1 0 . 0 7 . 7 3 3 . 0 8 0 . 3 2 3 . 4 0 1 1 . 1 3
Mn 1 3 . 6 8 . 5 0 3 . 3 7 0 . 4 0 3 . 7 6 1 2 . 2 6
P 1 3 .1 1 0 . 3 0 3 . 8 7 0 . 5 1 4 . 3 9 1 4 . 6 8
l s d 0 . 0 5 1 .4 1 0 . 5 1 0 . 0 6 0 . 5 5 1 .9 1
CV , % 12 11 11 10 11
i ^ T h e  s o i l  c o n t a i n e d  13 mg k g - * e x t r a c t a b l e  P, 238 mg k g - * K, 4888  mg 
k g ' *  Ca,  1330 mg k g ' *  Mg, a n d  22.7 g k g - * o r g a n i c  m a t t e r .  The pH w as
6 . 8 .  The DTP A - e x t  r a c t a  b l e  C u , Z n ,  Fe , a n d  Mn w e r e  1 . 3 9 ,  0 . 5 1 ,  3 7 ,  a n d
0 .59  mg k g ' * ,  r e s p e c t i v e l y .
—^ The  s o u r c e s  o f  t r e a t m e n t  m a t e r i a l s  w e r e  C u S O ^ .S H ^ ,  25.2% Cu; 
ZnS04 ,H20 ,  36% Zn; F eS 04 .7H2 0 ,  20% F e ; MnS04 .3H20 ,  27.3% Mn; a n d  
C a (H 2 P 0 ^ )2 * H 2 0 , 24.6% P. S w a s  a p p l i e d  a s  N a 2 S 0 ^ ,  22.6% S ,  t o  
b a l a n c e  S am ong  t r e a t m e n t s .
—^ E ach  p o t  c o n t a i n e d  728 g d r y  s o i l .
—^ T o t a l  ■ l e a v e s  + s t e m s  + r o o t s  + n o d u l e s .
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I n c r e a s i n g  d r y  w e i g h t  o f  l e a v e s  + s t e m s ,  o f  r o o t s  ( n o d u l e s  r e m o v e d ) ,  o f  
r o o t s  + n o d u l e s ,  and  o f  t o t a l  p l a n t  w e i g h t  f o r  t r e a t m e n t s  i n  t h e  
f o l l o w i n g  o r d e r :  Zn < c o n t r o l  < Fe < Cu < Mn < P. Even  t h o u g h  h i g h e r  
d r y  m a t t e r  y i e l d  w as  o b t a i n e d  f o r  t h e  P t r e a t m e n t  t h a n  t h e  Mn t r e a t m e n t ,  
t h e  P t r e a t m e n t  d i d  n o t  c o r r e c t  s y m p to m s  a s s o c i a t e d  w i t h  Mn d e f i c i e n c y .  
A l s o ,  s o y b e a n  p l a n t s  g ro w n  i n  Z n - t r e a t e d  s o i l  a p p e a r e d  more  c h l o r o t i c  
t h a n  f o r  t h e  o t h e r  t r e a t m e n t s .
The  i n f l u e n c e  o f  Cu, Zn,  F e , Mn, and  P a p p l i e d  t o  I b e r i a  s i l t y  c l a y  
o n  c o n c e n t r a t i o n s  o f  s e l e c t e d  n u t r i e n t  e l e m e n t s  i n  l e a v e s  and  s t e m s  o f  
C e n t e n n i a l  s o y b e a n s  g r o w n  i n  t h e  g r e e n h o u s e  i s  p r e s e n t e d  i n  T a b l e  33.  
T h e r e  w e r e  s i g n i f i c a n t  d i f f e r e n c e s  am ong  t r e a t m e n t s  i n  t i s s u e  
c o n c e n t r a t i o n s  o f  Ca,  Mg, Zn, F e , a n d  Mn. The Fe:Mn r a t i o  t r e n d e d  t o w a r d  
a maximum v a l u e  f o r  t h e  Z n - t r e a t e d  p l a n t s  a n d  m in im um  v a l u e  f o r  Mn- 
t r e a t e d  p l a n t s .  C o n v e r s e l y ,  t h e  c o n c e n t r a t i o n  o f  Mn i n  l e a v e s  and  s t e m s  
t r e n d e d  t o w a r d  a  m in imum v a l u e  f o r  Z n - t r e a t e d  p l a n t s  and  maximum v a l u e  
f o r  M n - t r e a t e d  p l a n t s .
The i n f l u e n c e  o f  Cu, Zn,  F e , Mn, a n d  P a p p l i e d  t o  I b e r i a  s i l t y  c l a y  
on  c o n c e n t r a t i o n s  o f  s e l e c t e d  n u t r i e n t  e l e m e n t s  i n  r o o t  t i s s u e  ( w i t h o u t  
n o d u l e s )  o f  g r e e n h o u s e - g r o w n  C e n t e n n i a l  s o y b e a n s  i s  p r e s e n t e d  i n  T a b l e  
34 .  T h e r e  w e r e  s i g n i f i c a n t  d i f f e r e n c e s  am ong  t r e a t m e n t s  i n  r o o t  t i s s u e  
c o n c e n t r a t i o n s  o f  Mg, Cu, and  Zn. H o w e v e r ,  t h e  c o n c e n t r a t i o n s  o f  Cu and 
Zn i n  s o y b e a n  r o o t  t i s s u e  d i d  n o t  I n c r e a s e  w i t h  t h e  a p p l i c a t i o n  o f  Cu 
a n d  Zn t o  t h e  s o i l ,  r e s p e c t i v e l y .  The c o n c e n t r a t i o n  o f  Zn i n  r o o t  
t i s s u e  w as  s i g n i f i c a n t l y  l o w e r  t h a n  t h e  c o n t r o l  i n  e a c h  o f  t h e  f i v e  
t r e a t m e n t s .
The d a t a  i n  T a b l e  35  show  t h e  i n f l u e n c e  o f  Cu, Zn,  F e , Mn, a n d  P
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T a b l e  3 3 .  I n f l u e n c e  o f  Cu, Zn, Fe,  Mn, and P a p p l i e d  t o  I b e r i a  s i l t y  
c l a y  on  c o n c e n t r a t i o n s  o f  s e l e c t e d  n u t r i e n t  e l e m e n t s  i n  
l e a v e s  and s t e m s  o f  C e n t e n n i a l  s o y b e a n s  g row n  I n  t h e  
g r e e n h o u s e .
E l e m e n t R a t e - ^ P K Ca Mg Cu Zn Fe Mn F e/M n-^
C o n t r o l
mg k g -1
0 . 7 8
----- g
6 . 1
k g - 1 —  
9 . 5 3 , 9 8 . 8
— mg kg- 1 -
2 5 . 3  52 3 . 5 1 4 . 9
Cu 0 . 5 0 . 8 3 6 . 8 8 . 7 3 . 8 6 . 8 3 2 . 5 54 2 . 8 1 9 . 3
Zn 2 . 5 1 . 1 3 8 .1 11.1 4 . 9 7 . 3 3 5 . 3 56 2 . 5 2 2 . 4
Fe 1 0 . 0 0 . 8 2 6 .1 8 . 4 3 .7 5 . 3 2 5 . 3 44 3 . 8 1 1 .6
Mn 1 3 . 6 0 . 6 9 4 . 4 6 . 9 3 ,1 4 . 0 1 8 . 8 39 8 . 3 4 . 7
P 13 .1 0 . 9 6 5 . 6 8 .  1 3 . 7 1 0 .3 2 0 . 5 46 5 . 8 7 . 9
LSD0 . 0 5 NS NS 2 . 2 0 . 7 NS 1 0 .8 10 1 . 8
-------
CV, % 23 25 17 13 59 27 14 27 -------
—^ The s o u r c e s  o f  t r e a t m e n t  m a t e r i a l s  w e re  CuSO^.Sl^O, 25.2% Cu;
ZnS04 .H2 0,  36% Zn; FeS04 .7H20 ,  20% Fe;  MnS0^.3H20, 27.3% Mn; and
Ca(H2P 0 ^ ) 2-H20 ,  24.6% P. S was  a p p l i e d  a s  Na2S0^ ,  22.6% S,  t o  b a l a n c e
S among t r e a t m e n t s .
—^ Each  p o t  c o n t a i n e d  728 g. d r y  s o i l .
3/— The r a t i o  o f  Fe t o  Mn was c a l c u l a t e d  u s i n g  mean v a l u e s  c o n t a i n e d  i n
th e  t a b l e .
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T a b le  3 4 .  I n f l u e n c e  o f  Cu, Zn, Fe,  Mn, and P a p p l i e d  t o  I b e r i a  s i l t y
c l a y  on c o n c e n t r a t i o n s  o f  s e l e c t e d  n u t r i e n t  e l e m e n t s  i n  r o o t
t i s s u e —' o f  C e n t e n n i a l  s o y b e a n s  grown i n  t h e  g r e e n h o u s e .
E l e m e n t - ^ R a t e - ^ P K Ca Mg Cu Zn Fe Mn Fe/Mn-
mg k g “ 1 _____ -------------- ■g k g * 1- ------------- — -------mg k g * 1—
C o n t r o l 0 . 8 8 2 . 9 2 . 7 2 .1 30 31 1868 15 125
Cu 0 . 5 0 . 8 3 2 . 7 2 . 5 2 . 2 24 18 1990 15 133
Zn 2 . 5 0 . 9 7 2 . 5 2 . 8 2 . 4 29 18 1188 12 99
Fe 1 0 . 0 0 . 8 7 3 . 0 2 . 5 2 . 2 23 17 1463 10 146
Mn 1 3 . 6 0 . 8 4 2 . 7 2 . 5 2 . 3 31 19 1625 12 135
P 1 3 .1 0 . 9 6 2 . 9 2 . 5 2 . 6 20 15 1780 11 162
LSD0 . 0 5 NS NS NS 0 . 3 8 8 NS NS
--------
cv , % 11 14 12 9 19 26 32 22 -------
- ^ N o d u l e s  w e r e  removed and  a n a l y z e d  s e p a r a t e l y .
- ^ T h e  s o u r c e s  o f  t r e a t m e n t  m a t e r i a l s  w e re  CuSO^.Sl^O, 25.2% Cu; 
ZnSO^.HjO, 36% Zn; F eS 04 .7H20 ,  20% Fe ;  MnS0A.3H2 0 ,  27.3% Mn; and  
C a ( H 2 P 0 ^ ) 2 *H2 0 ,  24.6% P.  S w a s  a p p l i e d  a s  N a 2 S 0 ^ ,  22.6% S ,  t o  
b a l a n c e  S am ong  t r e a t m e n t s .
3 /- E a c h  p o t  c o n t a i n e d  728  g. d r y  s o i l .
-^The  r a t i o  o f  Fe t o  Mn was c a l c u l a t e d  u s i n g  mean v a l u e s  c o n t a i n e d  i n
t h e  t a b l e .
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T a b le  3 5 .  I n f l u e n c e  o f  Cu, Zn, Fe,  Mn, and P a p p l i e d  t o  I b e r i a  s i l t y
c l a y  on  t h e  c o n c e n t r a t i o n s  o f  s e l e c t e d  n u t r i e n t  e l e m e n t s  in
n o d u l e s  o f  C e n t e n n i a l  s o y b e a n s  grown i n  t h e  g r e e n h o u s e .
E l e m e n t - ^  R a t e ^ P K Ca Mg Cu Zn Fe Mn Fe/Mn—^
mg k g - 1 ----------- — g k g - 1 - ---------—mg 1k * - > -
C o n t r o l 1 . 3 3 3 . 1 2 . 2 1 . 9 6 . 0 7 . 8 923 4 . 0 231
Cu 0 . 5 1 .4 7 3 . 4 2 . 4 2 . 0 7 . 8 8 . 3 711 3 . 5 203
Zn 2 . 5 1 .21 2 . 2 1 . 9 1 . 6 6 . 3 6 . 3 614 2 . 8 219
Fe 1 0 . 0 1 .2 1 2 . 6 2 .1 1 . 7 6 . 0 6 . 3 638 3 . 3 193
Mn 1 3 . 6 1 . 4 5 3 . 2 2 . 8 2 .1 1 0 . 8 1 0 . 5 1087 6 . 0 181
P 13 .1 2 . 1 7 6 . 6 3 . 3 3 . 1 7 . 8 1 0 . 0 703 4 . 5 156
k^O.OS 0 . 3 0 1 . 4 0 . 5 0 . 4 1 . 5 2 . 0 NS 1 .7 -----
CV, % 13 26 13 14 14 17 32 28 -----
- ^ T h e  s o u r c e s  o f t r e a t m e n t  m a t e r i a l s  w e r e CuSO^. 5H2 0, 25.2% Cu;
ZnS04 .H20 ,  36% Zn; FeSO^ ,7H2 0 ,  20% F e;  MnS04 .3H 20 ,  27.3% Mn; and
C a (H 2 P 0 4 ) 2 .H2 0 , 24 .6% P. S w a s  a p p l i e d a s  N a 2 s o 4 , 22.6% :S, t o
b a l a n c e  S am ong  t r e a t m e n t s .
—^ E ach  p o t  c o n t a i n e d  728 g. d r y  s o i l .
3 /— The r a t i o  o f  Fe t o  Mn was c a l c u l a t e d  u s i n g  mean v a l u e s  c o n t a i n e d  in
t h e  t a b l e .
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a p p l i e d  t o  I b e r i a  s i l t y  c l a y  on th e  c o n c e n t r a t i o n s  o f  s e l e c t e d  n u t r i e n t
e l e m e n t s  In  n o d u l e s  o f  C e n t e n n i a l  s o y b e a n s  grown i n  t h e  g r e e n h o u s e .
T h e r e  w e r e  s i g n i f i c a n t  d i f f e r e n c e s  am ong  t r e a t m e n t s  i n  t i s s u e  
c o n c e n t r a t i o n s  o f  P, K, Ca,  Mg, Cu,  Zn, and  Mn. The t i s s u e  
c o n c e n t r a t i o n s  o f  Mn, Cu and  Zn t r e n d e d  t o w a r d  maximum v a l u e s  f o r  t h e  Mn 
t r e a t m e n t .  The t i s s u e  c o n c e n t r a t i o n s  o f  P,  K, Ca,  and  Mg t r e n d e d  t o w a r d  
maximum v a l u e s  f o r  t h e  P t r e a t m e n t .
The i n f l u e n c e  o f  Cu, Zn,  F e , Mn, and  P a p p l i e d  t o  I b e r i a  s i l t y  c l a y  
on  t h e  u p t a k e  o f  s e l e c t e d  n u t r i e n t  e l e m e n t s  I n  s t e m s  and  l e a v e s  o f  
C e n t e n n i a l  s o y b e a n s  g ro w n  i n  t h e  g r e e n h o u s e  i s  g i v e n  i n  T a b l e  36. T h e r e  
w e r e  s i g n i f i c a n t  d i f f e r e n c e s  am ong  t r e a t m e n t s  i n  t h e  u p t a k e  o f  P, K, Ca,  
Mg, F e ,  and Mn. T i s s u e  u p t a k e  o f  P, K, Ca,  Mg, Fe a n d  Cu t r e n d e d  t o w a r d  
maximum v a l u e s  w i t h  t h e  a p p l i c a t i o n  o f  P t o  t h e  s o i l .  T i s s u e  u p t a k e  o f  
Zn,  Mn a n d  Fe:Mn r a t i o  t r e n d e d  t o w a r d  maximum v a l u e s  w i t h  Cu, Mn, and Zn 
a p p l i e d  t o  t h e  s o i l ,  r e s p e c t i v e l y .  The t i s s u e  u p t a k e  Fe:Mn r a t i o  v a r i e d  
f r o m  5 t o  22 when Mn a n d  Zn w e r e  a p p l i e d  t o  t h e  s o i l ,  r e s p e c t i v e l y .
The d a t a  i n  T a b l e  37 show t h e  i n f l u e n c e  o f  Cu, Zn,  F e ,  Mn, and  P on 
t h e  u p t a k e  o f  s e l e c t e d  n u t r i e n t  e l e m e n t s  i n  r o o t  t i s s u e  ( i n c l u d i n g  
n o d u l e s )  o f  C e n t e n n i a l  s o y b e a n s  g r o w n  i n  t h e  g r e e n h o u s e .  T h e r e  w e re  
s i g n i f i c a n t  d i f f e r e n c e s  among  t r e a t m e n t s  i n  t h e  u p t a k e  o f  P, K, Ca ,  Mg, 
Zn,  and Fe.  Even t h o u g h  t h e  d i f f e r e n c e s  among  t r e a t m e n t s  w i t h  r e s p e c t  
t o  t h e  u p t a k e  o f  Cu and  Mn w e r e  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t ,  t h e  
u p t a k e  o f  e a c h  o f  t h e  s e l e c t e d  e l e m e n t s  t r e n d e d  t o w a r d s  a minimum w i t h  
t h e  a p p l i c a t i o n  o f  Zn t o  t h e  s o i l .  S i n c e  u p t a k e  i s  c a l c u l a t e d  u s i n g  d r y  
m a t t e r  p r o d u c t i o n  o f  t h e  i n d i c a t e d  p l a n t  p a r t s ,  v a r i a t i o n s  i n  t h e  w e i g h t  
o f  d r y  m a t t e r  w i l l  h a v e  a d i r e c t  i n f l u e n c e  on  t h e  m e a s u r e m e n t  o f
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T a b le  3 6 .  I n f l u e n c e  o f  Cu, Zn, Fe,  Mn, and P a p p l i e d  t o  I b e r i a  s i l t y
c l a y  on  u p ta k e  o f  s e l e c t e d  n u t r i e n t  e l e m e n t s  i n  s t e m s  and
l e a v e s  o f  C e n t e n n i a l  s o y b e a n s  grown i n  th e  g r e e n h o u s e .
E lem en t - i^  R a t e - ^ P K Ca Mg Cu Zn Fe Mn Fe/Mn—
mg k g -1 -------- ---- mg p o t - *- -------■ug p o t  *- -----
C o n t r o l 5 . 3 4 1 . 6 6 4 . 3 2 6 . 2 59 173 359 24 15
Cu 0 . 5 6 . 6 5 3 . 9 6 8 . 8 3 0 . 3 53 258 427 22 19
Zn 2 . 5 6 . 4 4 6 . 1 6 5 . 7 2 9 . 0 43 207 341 16 22
Fe 1 0 . 0 6 . 3 4 7 . 0 6 4 . 9 2 8 . 5 41 195 336 29 12
Mn 1 3 . 6 5 . 9 3 7 . 7 5 8 . 7 2 6 . 3 33 159 330 71 5
P 1 3 .1 9 . 8 5 7 . 2 8 3 . 8 3 7 . 9 109 212 478 60 8
LSD0 . 0 5 1 .1 1 2 . 2 1 1 . 8 4 . 3 NS NS 100 15 —
CV, % 11 17 12 10 77 25 18 28 —
i ^ T h e  s o u r c e s  o f  t r e a t m e n t  m a t e r i a l s  w e r e  CuSO^.51^0,  25.2% Cu; 
ZnS04 .H20 ,  36% Zn; F eS 04 .7H2 0 ,  20% F e ; MnSO4 .3H20,  27.3% Mn; and 
C a (H 2 P 0 ^ ) 2 -H2 0 ,  24.6% P. S w a s  a p p l i e d  a s  N a 2 S 0 ^ ,  22.6% S ,  t o
b a l a n c e  5 among  t r e a t m e n t s .
—^ E ach  p o t  c o n t a i n e d  728 g.  d r y  s o i l .
3 /—'T h e  r a t i o  o f  Fe t o  Mn was c a l c u l a t e d  u s i n g  mean v a l u e s  c o n t a i n e d  in
t h e  t a b l e .
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T a b l e  3 7 .  I n f l u e n c e  o f  Cu, Zn, Fe,  Mn, and P a p p l i e d  t o  I b e r i a  s i l t y
c l a y  on  u p take  o f  s e l e c t e d  n u t r i e n t  e l e m e n t s  In  r o o t  t i s s u e -
o f  C e n t e n n i a l  s o y b e a n s  grown i n  t h e  g r e e n h o u s e .
E l e m e n t - ^  R a t e - ^ P K Ca Mg Cu Zn F e - ^ Mn
i,0“ l n *- 1 ^mg Kg ----- mg p o t ----ug p o t
C o n t r o l 3 . 0 9 . 0 8 . 8 6 . 7 87 91 5819 44
Cu 0 . 5 3 . 2 1 0 .1 8 . 8 7 . 7 80 61 6719 49
Zn 2 . 5 2 . 7 6 . 8 7 . 1 6 . 2 70 45 3103 29
Fe 1 0 . 0 3 . 1 9 . 9 8 . 2 7 .1 73 53 4745 31
Mn 1 3 . 6 3 . 4 1 0 . 5 8 . 2 6 . 6 110 66 5951 43
P 1 3 .1 4 . 8 1 4 . 6 1 1 . 5 1 1 . 7 83 64 7395 44
LSD0 . 05 0 . 6 2 . 9 1 . 7 1 0 . 0 NS 22 3138 NS
CV, % 11 19 13 8 20 23 37 25
—^ I n c l u d e s  n o d u l e s .
2 /— The s o u r c e s  o f  t r e a t m e n t m a t e r i a l s  w e r e  CuSO^.Sl^O , 25.2% Cu;
ZnS0^.H20 ,  36% Zn; FeSO^. 7H2 0 , 20% Fe; MnSO^. 3H20, 27.3% Mn; and
C a C l ^ P O ^ ^ . ^ O ,  24.6% P. S w as  a p p l i e d  a s  N a ^ O ^ ,  22.6% S, t o  b a l a n c e  
S among  t r e a t m e n t s .
— E ach  p o t  c o n t a i n e d  728 g.  d r y  s o i l .
—^ S o i l  c o n t a m i n a t i o n  may h a v e  r e s u l t e d  i n  r e l a t i v e l y  h i g h  v a l u e s .
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n u t r i e n t  u p t a k e .  T h e r e f o r e ,  t h e  m e a s u r e m e n t  o f  min imum d r y  m a t t e r  
w e i g h t s  o f  r o o t s  a n d  n o d u l e s  ( T a b l e  3 2 )  w i t h  t h e  a p p l i c a t i o n  o f  Zn t o  
t h e  s o i l  w a s  p r o b a b l y  r e s p o n s i b l e  f o r  t h e  s u b e q u e n t  a p p e a r a n c e  o f  
m in im u m  u p t a k e  v a l u e s  f o r  e a c h  o f  t h e  p l a n t  n u t r i e n t  e l e m e n t s .
The  d a t a  i n  T a b l e  38  show t h e  i n f l u e n c e  o f  Cu, Zn,  F e ,  Mn, a n d  P
a p p l i e d  t o  I b e r i a  s i l t y  c l a y  o n  t h e  n o d u l e  c o u n t  and  t h e  r a t e  o f  
a c e t y l e n e  r e d u c t i o n  by  t h e  n o d u l a t e d  r o o t s  o f  C e n t e n n i a l  s o y b e a n s  g ro w n  
i n  t h e  g r e e n h o u s e .  T h e r e  w e r e  s i g n i f i c a n t  d i f f e r e n c e s  among t r e a t m e n t s  
i n  t h e  n u m b e r  o f  n o d u l e s  p e r  p l a n t  a n d  t h e  n m o l e s  o f  e t h y l e n e  e v o l v e d  
p e r  h o u r  p e r  p l a n t ,  p e r  n o d u l e ,  p e r  g o f  n o d u l e  w e i g h t ,  a n d  p e r  g o f  
t o t a l  p l a n t  w e i g h t .  E ach  o f  t h e s e  v a l u e s  t r e n d e d  t o w a r d s  a  m in im um  f o r  
t h e  a p p l i c a t i o n  o f  Zn a n d  t o w a r d s  a maximum f o r  t h e  a p p l i c a t i o n  o f  P.
The a p p l i c a t i o n  o f  Zn t o  I b e r i a  s i l t y  c l a y  a p p e a r e d  t o  h a v e  r e d u c e d  t h e  
a c t i v i t y  o f  s o y b e a n  n o d u l e s .
C h e m i c a l  s e p a r a t i o n  o f  Mn f r a c t i o n s
The d a t a  i n  T a b l e  39 show t h e  c o n c e n t r a t i o n s  o f  Mn i n  s o i l
r e s u l t i n g  f r o m  t h e  s e q u e n t i a l  c h e m i c a l  e x t r a c t i o n s  o f  I b e r i a  s i l t y  c l a y .  
T h e r e  w e r e  s i g n i f i c a n t  d i f f e r e n c e s  am ong  t r e a t m e n t s  w i t h  r e s p e c t  t o  t h e  
f o l l o w i n g  f r a c t i o n s :  w a t e r - s o l u b l e  Mn, N N H ^ O A c -e x c h a n g e a b le  Mn, DTPA- 
T E A - e x t r a c t a b l e  Mn, e a s i l y - r e d u c i b l e  Mn, o r g a n i c  Mn, Mn o x i d e s ,  Mn 
a s s o c i a t e d  w i t h  a m o r p h o u s  Fe o x i d e s ,  t h e  t o t a l  o f  Mn f r a c t i o n s ,  and  t h e  
Mn o b t a i n e d  f r o m  HF-HCl-HNO^ t o t a l  d i g e s t i o n  o f  u n f r a c t i o n a t e d  s o i l .  
T h e r e  w a s  n o  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  t h e  c o n t r o l  a n d  f o l i a r  
t r e a t m e n t s  b a s e d  o n  LSDq^q^ v a l u e s  f o r  e a c h  o f  t h e s e  f r a c t i o n s .  S i n c e  Mn 
a p p l i e d  t o  s o y b e a n  f o l i a g e  was  l e s s  t h a n  IX o f  t h e  t o t a l  Mn p r e s e n t  i n  
t h e  s o i l  p r i o r  t o  t r e a t m e n t ,  t h e  f o l i a r  t r e a t m e n t  e f f e c t  w as
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Table 38. In f lu e n c e  o f  Cu, Zn, Fe, Mn, and P a p p lied  to  I b e r i a  s i l t y  
c lay  on nodule count r a t e  of a c e ty le n e  re d u c t io n  by the 
nodu la ted  ro o ts  o f C en ten n ia l  soybeans grown in  the  
greenhouse .
Element-^ Rate-^ count nmoles e th y len e  evolved h r ~*
mg kg'-1 no. p l a n t - * p la n t - * nodule- * g_nodule- * g_plant~
C ontro l 57 628 11 3622 1 2 2 -^
Cu 0 . 5 57 699 12 3726 122
Zn 2 . 5 49 367 7 2380 79
Fe 1 0 . 0 56 668 12 4183 120
Mn 1 3 . 6 76 764 10 3846 124
P 13 .1 85 1243 15 4871 170
* ^ > 0 . 0 5 12 295 4 1447 45
c v ,  % 13 27 24 25 24
i^The sou rces  of t r e a tm e n t  m a te r i a l s  were CuSO^.Sl^ 0, 25.2% Cu )
ZnSO^ .H20 ,  36% Zn; FeS0A.7H20, 20% Fe; MnS04.3H20, 27.3% Mn; and
CaC^PO^^.t^O , 24.6% P. S was a p p lied  a s  Na2SO^, 22.6% S, to  balance  
S among t r e a tm e n ts .
2 /- 'E a c h  po t c o n ta in ed  728 g. d ry  s o i l .
3 /- T o t a l  dry w e i g h t  o f  t h e  p l a n t  ( l e a v e s  + s t e m s  + r o o t s  + n o d u l e s )  was
u s e d  t o  c a l c u l a t e  n m o le s  e t h y l e n e  e v o l v e d  h r - * g _ p l a n t - *.
oCO
Table 39. Concentrations  of  Mn in  s o i l  r e s u l t i n g  from s e q u e n t ia l  chemica l  e x t r a c t i o n s  o f  I b e r ia  s i l t y  c la y .
__________________________ Treatment^ _________________________
Fraction-  Control__   F o lia r   Soil______ CV LSDq q j
mg kg * v mg k g '1 % mg kg-1 % % mg kg-1
Water 0.03 0.03^' 0.02 0.02 0.17 0.14 75 0.09
Exchangeable
dtpaV
E asily -reduc ib le -
Organic-
2.37 2.45 2.55 2.61 6.16 5.18 17 1.05
4.15 4.29 4.24 4.33 9.19 7.73 15 1.50
3.90 4.03 5.05 5.16 9.22 7.76 24 2.55
4.36 4.50 3.88 3.96 10.33 8.69 30 3.21
Manganese oxides 0.85 0.88 0.83 0.85 1.31 1.10 12 0.20
Amorphous Fe oxides 12.59 13.01 11.96 12.21 15.93 13.40 12 2.85
C rysta ll ine  Fe oxides 8.02 8.29 7.95 8.13 7.91 6.65 17 NS
Residual 60.55 62.54 61.42 62.74 58.66 49.34 3 NS
Total of f rac tions 96.81 100.00 97.89 100.00 118.87 100.00 5 8.25
Total analysis 105.3 119.2 143.0 5 11.7
% Recovery 91.9 82.2 83.1 4 NS
■^Control * no Mn applied; Fo liar  * 0.40 kg ha~ of Mn as Mn chelate  (12% Mn) applied to fo liage  of
Centennial soybeans in Year 2 and Year 3; Soil * 30.6 kg ha of Mn as MnSO .^SI^O (27.3% Mn) applied to
s o i l  in  Year 2 and Year 3. Soybeans were grown in Year 4 w ith no Mn applied; then each of four 
rep lica tio n s  of the treatm ents were soil-sampled in the following spring of the Year 5.
21-'Each f rac tio n  was determined in sequence beginning with water and ending with to ta l  d igestion  of residue, 
ie . residual. Total analysis  was performed on unfractionated samples of s o i l  by HF-HCl-HNO  ^ digestion.
3/- 'V alues represent r a t io  of f rac tion  to  sum to ta l  of f ra c t io n s .
V dTPA represents sum of values obtained with DTPA-TEA pH 7.3 followed by ex trac tion  with d i s t i l l e d  water. 
Easily-reducible  represents sum of values obtained by ex trac tion  with 0.2% aqueous hydroquinone followed by 
ex trac tion  with N KH^ OAc, pH 7.0. Organic represents sum of values obtained from 5 sequential ex tractions 
with 5.3% NaOCl followed by ex trac tion  with d i s t i l l e d  water.
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u n d e r s t a n d a b l y  n e g l i g i b l e .  The c o n t e n t  o f  Mn i n  m i n e r a l s  w h i c h  c o m p r i s e  
t h e  v e r y  r e s i s t a n t  f r a c t i o n s  ( c r y s t a l l i n e  Fe o x i d e s  a n d  r e s i d u a l )  w a s  
n o t  i n f l u e n c e d  by  f o l i a r  o r  s o i l  t r e a t m e n t s  w i t h  Mn.
C la y  m i n e r a l o g y  o f  I b e r i a  s i l t y  c l a y
The p a r t i c l e  s i z e  d i s t r i b u t i o n  o f  I b e r i a  s i l t y  c l a y  a t  s e l e c t e d  
d e p t h s  b e lo w  t h e  s o i l  s u r f a c e  i s  p r e s e n t e d  i n  T a b l e  40.  The  r e l a t i v e  
a m o u n t  o f  s a n d  d e c r e a s e d  w i t h  d e p t h  b e l o w  t h e  s o i l  s u r f a c e  t o  a d e p t h  o f  
b e t w e e n  56 a n d  64 cm. T h e r e  i s  p o t e n t i a l  f o r  p o o r  i n t e r n a l  s o i l  
d r a i n a g e  i n  t h e  u p p e r  64  cm o f  t h e  s o l u m .  A f t e r  s u f f i c i e n t  r a i n f a l l ,  
w i d e  c r a c k s  w h i c h  a p p e a r e d  i n  t h e  d r y  s o i l  s u r f a c e  w e r e  o b s e r v e d  t o  
c l o s e ,  e f f e c t i v e l y  s e a l i n g  t h e  s o i l  a g a i n s t  p e n e t r a t i o n  o f  a i r  t o  l o w e r  
d e p t h s .  Under  t h e s e  c o n d i t i o n s  t h e  s o i l  p o r e  s p a c e  may h a v e  become 
c h e m i c a l l y  r e d u c i n g .  The n e t  e f f e c t  w o u ld  h a v e  b e e n  t o  i n c r e a s e  
a v a i l a b i l i t y  o f  Mn t o  t h e  p l a n t  and  p a r t i a l l y  a l l e v i a t e  Mn d e f i c i e n c y  
s t r e s s .  O b s e r v a t i o n s  f r o m  t h e  f i e l d  c o n f i r m  d e c r e a s e  i n  t h e  c h l o r o s i s  
c h a r a c t e r i s t i c  o f  Mn d e f i c i e n c y  o f  s o y b e a n s .  The d a t a  i n  T a b l e  40  a l s o  
show  t h a t  b e l o w  64 cm an  i n c r e a s e  i n  r e l a t i v e  s a n d  c o n t e n t  a n d  a 
c o r r e s p o n d i n g  d e c r e a s e  i n  c l a y  c o n t e n t  o c c u r .  I n t e r n a l  d r a i n a g e  b e l o w  
64 cm may h a v e  b e e n  s u b s t a n t i a l l y  i m p r o v e d .
The d a t a  i n  T a b l e  41 show t h e  c o n c e n t r a t i o n s  o f  c e r t a i n  e l e m e n t s  i n  
I b e r i a  s i l t y  c l a y  a t  s e l e c t e d  d e p t h s .  T h e r e  w as  a  r e l a t i v e l y  l a r g e  
i n c r e a s e  i n  t h e  c o n c e n t r a t i o n  o f  Mn and  Ca a t  t h e  43  -  56 cm d e p t h ,  
c o i n c i d e n t  w i t h  t h e  p r e s e n c e  o f  CaCO^ c o n c r e t i o n s .
The d a t a  i n  T a b l e  42 show t h e  c o n c e n t r a t i o n s  o f  s e l e c t e d  e l e m e n t s  i n  
t h e  c l a y  f r a c t i o n  o f  I b e r i a  s i l t y  c l a y  a t  s e l e c t e d  d e p t h s .  The 
c o n c e n t r a t i o n  o f  Mn a t  t h e  43 -  56 cm d e p t h  w as  4 .7  t i m e s  t h e
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T a b l e  4 0 .  P a r t i c l e  s i z e  d i s t r i b u t i o n  o f  I b e r i a  s i l t y  c l a y  a t  s e l e c t e d  
d e p t h s  ( p i p e t t e  m e t h o d ) .
D e p th S and—^ S i l t ^ C l a y - ^
cm ---------- x--------------
0 - 1 3 10 - 1 41 48
1 3 - 2 4 7 41 52
24 -  34 6 44 50
4 3  -  56 4 48 47
64 -  72 17 53 30
90  -  99 20 57 23
—^ P a r t i c l e  s i z e  “  0 . 0 5  -  2 . 0  mm. 
—^ P a r t i c l e  s i z e  * 0 . 0 0 2  -  0 . 0 5  mm. 
—^ P a r t i c l e  s i z e  < 0 . 0 0 2  mm.
L I
—'M ean  o f  d u p l i c a t e  d e t e r m i n a t i o n s .
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T a b l e  4 1 .  T o t a l  c o n c e n t r a t i o n s  o f  c e r t a i n  e l e m e n t s  i n  I b e r i a  s i l t y  c l a y  
a t  s e l e c t e d  d e p t h s .
D ep th P K Ca Mg Fe A1 Na Zn Cu Mn
cm mg k g " 1 ---------- g k g  1 — mg k g ' -1_ _
0 - 1 3 892 1/ 1 0 . 3 9 . 9 8 . 4 2 7 . 0 5 9 . 5 5 . 5 5 70 38 113
13 -  24 621 1 1 . 0 8 . 5 9 .1 2 9 . 3 6 3 . 3 5 . 3 8 70 30 110
24 -  34 421 1 3 .1 15 .1 1 0 . 8 3 1 . 8 6 7 . 5 6 . 4 3 75 25 160
43  -  56 416 1 3 . 8 2 8 . 8 13 .4 3 6 . 0 6 9 . 8 5 . 9 5 85 30 770
64 -  72 453 1 3 . 6 3 7 . 6 9 . 4 2 6 . 0 5 7 . 3 8 . 7 8 65 28 406
90 -  99 606 1 4 ,2 2 1 . 0 8 . 2 2 4 . 8 5 4 . 0 9 . 5 5 68 25 415
i^ M ean  o f  d u p l i c a t e  d e t e r m i n a t i o n s .
04
Table  4 2 .  T o t a l  c o n c e n t r a t i o n s  o f  c e r t a i n  e l e m e n t s  In c l a y  f r a c t i o n ^
o f  I b e r i a  s i l t y  c l a y  a t  s e l e c t e d  d ep th s .
D ep th P K Ca Mg Fe A1 Na Zn Cu Mn
cm mg k g ' 1 ---------- ----------- g k g  1----- ------------- --------- — mg kg'-1__
0 - 1 3 1030 2 / 1 2 . 8 2 1 . 5 1 8 . 9 5 0 . 7 9 8 . 4 1 .8 9 216 44 186
1 3 - 2 4 896 1 2 . 8 1 4 .7 19 .6 5 0 . 7 9 9 . 3 1 . 7 3 121 44 137
24 -  34 702 1 3 . 3 2 2 . 3 2 2 . 6 5 2 . 5 1 0 1 .2 2 .01 136 50 189
43  -  36 493 1 3 .8 3 3 . 2 2 4 . 4 5 4 .1 9 9 . 3 1 .9 4 146 63 896
CMr-.1 406 1 3 .2 4 5 . 3 2 4 . 2 5 6 . 7 1 0 2 .7 2 . 1 2 154 43 499
90 -  99 607 15.1 3 4 . 5 2 3 .9 5 6 .1 96 .1 2 . 3 2 166 53 611
i ^ P a r t i c l e  s i z e  < 0 . 0 0 2  mm.
2 f- ' M e a n  o f  d u p l i c a t e  d e t e r m i n a t i o n s .
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c o n c e n tr a t io n  o f  Mn a t  the  24 -  34 cm depth .
The percen tage  com position  of c lay  m in e ra ls  in  the  c lay  f r a c t io n  of 
I b e r i a  s i l t y  c la y  a t  s e le c te d  depths i s  p re sen te d  in  Table 43. S m e c ti te  
com prised 77% o f  th e  c la y  f r a c t i o n  a t  0 -  13 cm below th e  s o i l  su r fa c e ,  
and c e r t a i n l y  governed i t s  chem ical and p h y s ic a l  p r o p e r t i e s .  F u r th e r  
chem ical i n v e s t i g a t io n s  may q u a n t i fy  the Mn-sink p o t e n t i a l  of the I b e r i a  
s i l t y  c la y .  MacEwan (1961) a s c r ib e s  th e  l a rg e  c a t io n  exchange c a p a c i ty  
of the  s m e c t i t e s ,  in  p a r t ,  to  the  p e n e t r a t io n  o f  c a t io n s  between the 
l a y e r s .  The c h a r a c t e r i s t i c  s w e l l in g  of s m e c t i t e s  when wet and 
c o n t r a c t in g  when dry was observed in  the f i e l d .  Cracks as wide as 3 cm 
and as deep a s  1 m were measured in  the s o i l  when r e l a t i v e l y  dry.
The d a ta  in  Tables 44 -  49 show the b a sa l  d spacings (001) of the 
c lay  f r a c t i o n  of I b e r i a  s i l t y  c la y  a t  s e l e c te d  dep ths below the  s o i l  
su r fa c e  as  measured by X-ray d i f f r a c t i o n .  These d a ta  were used to  
i d e n t i f y  th e  types  o f c la y  m in e ra ls  and t h e i r  r e l a t i v e  abundance a t  each 
dep th .
86
1 /  2 / T a b l e  43 .  P e r c e n t a g e  c o m p o s i t i o n —' o f  c l a y  m i n e r a l s  i n  t h e  c l a y - '
f r a c t i o n  o f  I b e r i a  s i l t y  c l a y  a t  s e l e c t e d  d e p t h s .
D e p th S m e c t i t e I l l i t e K a o l i n i t e Q u a r t z
cm 
0 - 13 7 7 . 0 2 . 9 5 . 0 1 5 .1
13 - 24 7 8 . 2 4 . 1 4 . 5 1 3 . 2
24 - 34 8 0 . 9 3 . 3 3 . 8 1 2 . 0
43  - 56 8 4 . 2 2 . 4 3 . 5 9 . 9
64 — 72 8 3 . 2 3 . 4 3 . 0 1 0 . 3
90 - 99 8 1 . 6 3 . 5 3 . 6 1 1 . 3
^ E s t i m a t e d  f r o m  x - r a y  d i f f r a c t i o n  p a t t e r n s  of  a i r - d r i e d  H g - s a t u r a t e d  
c l a y .
—^ P a r t i c l e  s i z e  < 0 . 0 0 2  mm.
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T a b le  4 4 .  B a s a l  d s p a c i n g s  (0 0 1 )  o f  t h e  c l a y  f r a c t i o n - ^  o f  I b e r i a  s i l t y
c l a y  a t  0 -  13 cm b e lo w  s o i l  s u r f a c e  a s  m easured  by X -ray
d i f f r a c t i o n .
 M g - s a t u r a t e d   P C - s a t u r a t e d _____
a i r  d r y  g l y c o l a t e d  a i r  d r y  300  C 550 C
(2  h r s )  ( 1 6  h r s )
rurt
S m e c t i t e 1 . 5 5 1 . 7 0 1 . 2 6 NP—^ NP
I l l i t e 0 . 9 9 0 . 9 9 0 . 9 8 0 . 9 7 0 . 9 9
K a o l i n i t e 0 . 7 1 0 . 7 1 0 . 7 1 0 . 6 9 NP
Q u a r t z 0 . 3 3 NM—^ 0 . 3 3 NM NM
- ^ P a r t i c l e  s i z e  < 0 . 0 0 2  mm.
2 /-  NP ■ No p e a k  was f o u n d .
3 /—' NM “ R e g i o n  o f  t h e  d i f f r a c t i o n  p a t t e r n  was  n o t  m e a s u r e d .
T a b le  4 5 .  B a s a l  d s p a c i n g s  (0 0 1 )  o f  t h e  c l a y  f r a c t i o n -  o f  I b e r i a  s i l t y
c l a y  a t  13 -  24 cm b e lo w  s o i l  s u r f a c e  a s  m easu red  by X-ray
d i f f r a c t i o n .
 Mfi - s a t u r a t e d   K - s a t u r a t e d _____
a i r  d r y  g l y c o l a t e d  a i r  d r y  300°C 550°C
{2 h r s )  ( 1 6  h r s )
run-
S m e c t i t e 1 . 5 2 1 . 7 0 1 . 2 6 Npl^ NP
I l l i t e 0 . 9 9 0 .  99 0 . 9 9 0 . 9 8 0 . 9 9
K a o l i n l t e 0 . 7 1 0 . 7 1 0 . 7 1 0 . 7 1 NP
Q u a r t z 0 . 3 3 NM^ 0 . 3 3 NW NM
—^ P a r t i c l e  s i z e  < 0 . 0 0 2  mm.
2 /— NP * No p e a k  was f o u n d .
3 /-  NM “ R e g i o n  o f  t h e  d i f f r a c t i o n  p a t t e r n  was  n o t  m e a s u r e d .
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T a b le  4 6 .  B a s a l  d s p a c l n g s  ( 0 0 1 )  o f  t h e  c l a y  f r a c t i o n ! ^  o f  I b e r i a  s i l t y
c l a y  a t  24  -  34 cm b e lo w  s o i l  s u r f a c e  a s  m easu red  by X-ray
d i f f r a c t i o n .
Mg- s a t u r a t e d K- s a t u r a t e d
a i r  d r y g l y c o l a t e d a i r  d r y 300°C 
C2 h r s )
550°C 
(16  h r s )
S m e c t i t e 1 . 5 2 1 . 7 0
-nm---------------
1 . 2 3 NP—^ NP
I l l i t e 0 . 9 9 0 . 9 9 0 . 9 9 1 . 0 0 0 . 9 9
K a o l i n i t e 0 . 7 1 0 . 7 1 0 . 7 1 0 . 7 2 NP
Q u a r t z 0 . 3 3 NM^ 0 . 3 3 NM NM
i ^ P a r t i c l e  s i z e  < 0 . 0 0 2  mm.
2 / np  > fj0 p e a k  was f o u n d .
• j  i
— NM ■ R e g i o n  o f  t h e  d i f f r a c t i o n  p a t t e r n  was  n o t  m e a s u r e d .
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T a b le  4 7 .  B a s a l  d s p a c i n g s  (0 0 1 )  o f  t h e  c l a y  f r a c t i o n —^  o f  I b e r i a  s i l t y
c l a y  a t  43  -  56 cm b e lo w  s o i l  s u r f a c e  a s  m easu red  by X~ray
d i f f r a c t i o n .
Mg- s a t u r a t e d K-■ s a t u r a t e d
a i r  d r y g l y c o l a t e d a i r  d r y 300°C 
(2  h r s )
550°C 
(1 6  h r s )
S m e c t i t e 1 . 5 5 1 . 7 0 1 . 2 3 NP—^ NP
I l l i t e 0 . 9 9 1 . 0 0 0 . 9 9 0 . 9 9 0 . 9 8
K a o l i n i t e 0 . 7 2 0 . 7 2 0 . 7 1 0 . 7 1 NP
Q u a r t z 0 . 3 3 NM^ 0 . 3 3 NM NM
- ^ P a r t i c l e  s i z e  < 0 . 0 0 2  mm.
2 /— NP ”  No p e a k  was f o u n d .
3 /— NM “ R e g i o n  o f  t h e  d i f f r a c t i o n  p a t t e r n  was  n o t  m e a s u r e d .
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T a b le  4 8 .  B a s a l  d s p a c i n g s  ( 0 0 1 )  o f  t h e  c l a y  f r a c t i o n - ^ /  o f  I b e r i a  s i l t y
c l a y  a t  64  -  72 cm b e lo w  s o i l  s u r f a c e  a s  m easured  by X-ray
d i f f r a c t i o n .
M g - s a t u r a t e d   K - s a t u r a t e d _____
a i r  d r y  g l y c o l a t e d  a i r  d r y  300°C 55Q°C
(2 h r s )  ( 1 6  h r s )
nm
S m e c t i t e 1 . 5 5 1 . 7 0 1 .2 2 NP—^ NP
I l l i t e 0 . 9 9 0 . 9 9 0 . 9 8 0 . 9 9 0 . 9 9
K a o l i n l t e 0 . 7 1 0 . 7 1 0 . 7 1 0 . 7 1 NP
Q u a r t z 0 . 3 3 NM—^ 0 . 3 3 NM NM
! / p a r t i c l e  s i z e  < 0 . 0 0 2  mm.
9 /
-  NP * No peak  was f o u n d .
3 /-  NM “  R e g i o n  o f  t h e  d i f f r a c t i o n  p a t t e r n  was  n o t  m e a s u r e d .
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T a b le  4 9 .  B a s a l  d s p a c l n g s  (0 0 1 )  o f  t h e  c l a y  f r a c t i o n - ^  o f  I b e r i a  s i l t y
c l a y  a t  90  -  99 cm b e lo w  s o i l  s u r f a c e  a s  m easu red  by X-ray
d i f f r a c t i o n .
Mg- s a t u r a t e d K-■ s a t u r a t e d
a i r  d r y g l y c o l a t e d a i r  d r y 300°C 
(2  h r s )
550°C 
(16  h r s )
S m e c t i t e 1 . 5 5 1 . 7 0
-nm--------------
1 . 2 0 NP—^ NP
I l l i t e 0 . 9 9 0 . 9 9 0 . 9 9 0 . 9 9 0 . 9 8
K a o l i n i t e 0 . 7 1 0 . 7 1 0 . 7 1 0 . 7 2 NP
Q u a r t z 0 . 3 3 NM^/ 0 . 3 3 NM NM
P a r t i c l e  s i z e  < 0 . 0 0 2  mm.
2 /-  NP “  No p e a k  was f o u n d .
3/-  NM * R e g i o n  o f  t h e  d i f f r a c t i o n  p a t t e r n  was  n o t  m e a s u r e d .
SUMMARY AND CONCLUSIONS
Mn d e f i c i e n c y  i n  s o y b e a n s  w a s  r e p o r t e d  f o r  s o y b e a n s  g r o w i n g  on 
C o a s t a l  P l a i n  and  C o a s t a l  F l a t w o o d s  s o i l s .  T h e s e  s o i l s  w e r e  com monly  
s a n d y ,  had  pH v a l u e s  o f  6 .5  o r  h i g h e r ,  and  w e r e  r e l a t i v e l y  l o w  i n  
o r g a n i c  m a t t e r  c o n t e n t .  A l s o ,  Mn d e f i c i e n c y  was  m o re  l i k e l y  t o  o c c u r  
f o l l o w i n g  a  " w e t "  w i n t e r  w h e r e  t h e  w a t e r  t a b l e  w a s  p e r c h e d  n e a r  t h e  s o i l  
s u r f a c e  f o r  s e v e r a l  m o n t h s  and  f e l l  r a p i d l y  i n  t h e  s p r i n g .
I n v e s t i g a t i o n s  i n  L o u i s i a n a  h a v e  n o t  shown Mn d e f i c i e n c y  f o r  s o y b e a n s  
g ro w n  u n d e r  s i m i l a r  f i e l d  c o n d i t i o n s  ( S e d b e r r y ,  e t  a l . ,  1983) .  H o w e v e r ,  
i t  was  b e l i e v e d  t h a t  Mn d e f i c i e n c y  may h a v e  o c c u r r e d  f o r  s o y b e a n s  
g r o w i n g  on a m o d e r a t e l y  o l d  a l l u v i a l  s o i l  o f  t h e  M i s s i s s i p p i  R i v e r  
f l o o d p l a i n .  The I b e r i a  s i l t y  c l a y  ( f i n e ,  m o n t m o r i l l o n i t i c ,  t h e r m i c ,  
V e r t i c  H a p l a q u o l l )  had  s l i g h t l y  a c i d  (6 .8 )  pH i n  t h e  s u r f a c e  h o r i z o n  
i n c r e a s i n g  w i t h  d e p t h ,  r e l a t i v e l y  h i g h  o r g a n i c  m a t t e r  c o n t e n t  f o r  s o i l s  
o f  t h e  S o u t h e r n  r e g i o n  ( a p p r o x i m a t e l y  2.5% by m o d i f i e d  W a l k l e y - B l a c k  
p r o c e d u r e ) ,  NH^OAc c a t i o n  e x c h a n g e  c a p a c i t y  o f  36 .0  c m o l ( + )  kg * and 
b a s e  s a t u r a t i o n  o f  77.7%. CaCOj c o n c r e t i o n s  w e r e  f o u n d  a t  a p p r o x i m a t e l y  
50 cm b e lo w  t h e  s u r f a c e .
Maximum s e e d  y i e l d  o f  s o y b e a n s  g r o w n  on I b e r i a  s i l t y  c l a y  i n  S t .  
M a r t i n  P a r i s h ,  L o u i s i a n a  may h a v e  b een  l i m i t e d  by t o t a l  s u p p l y  o f  Mn i n  
t h e  r o o t  z o n e ;  by d i s t r i b u t i o n  o f  Mn am ong c h e m i c a l  p o o l s ;  by 
i n t e r a c t i o n s  b e t w e e n  Mn a n d  o t h e r  s o i l  a n d  p l a n t  m a c r o -  a n d  
m i c r o n u t r i e n t  e l e m e n t s ;  by p a r t i c l e  s i z e  d i s t r i b u t i o n  and  t y p e  a n d  
p r o p o r t i o n s  o f  c l a y s ;  by n o d u l e  a c t i v i t y  i n  r o o t s  o f  s o y b e a n s ;  and  by 
w e t t i n g - d r y i n g  c y c l e s  i n  t h e  s o i l .
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F i e l d  e x p e r i m e n t  (p r im a ry  s i t e )
S o y b e a n s ,  G l y c i n e  max (L. )  M e r r . ,  c v .  ' C e n t e n n i a l ' ,  w e r e  g row n i n  a 
r a n d o m i z e d  c o m p l e t e  b l o c k  d e s i g n  o n  I b e r i a  s i l t y  c l a y  ( f i n e ,  
m o n t m o r i l l o n i t i c ,  t h e r m i c  V e r t i c  H a p l a q u o l l )  . T r e a t m e n t s  i n c l u d e d  no 
Mn a p p l i e d ,  f o l i a r - a p p l i e d  Mn (0 .2  a n d  0 .4  k g  ha~* o f  Mn a s  Mn c h e l a t e ,  
12% Mn) a n d  s o i l - a p p l i e d  Mn (1 5 .3  and  30 .6  kg  h a - * o f  Mn a s  MnSO^.Sl^O, 
27.3% Mn). F o l l o w i n g  2 a n n u a l  a p p l i c a t i o n s  o f  Mn, n o  Mn w a s  a p p l i e d  f o r  
o n e  y e a r  t o  e v a l u a t e  p o s s i b l e  r e s i d u a l  t r e a t m e n t  e f f e c t s .
V i s u a l  s y m p to m s  o f  Mn d e f i c i e n c y  w e r e  c o r r e c t e d  w i t h  0 .2  a n d  0 .4  kg  
h a - * f o l i a r - a p p l i e d  Mn. Symptoms r e a p p e a r e d  w i t h i n  t h r e e  w e e k s  i n  p l o t s  
r e c e i v i n g  0 .2  k g  Mn h a - * . The h i g h e r  r a t e  o f  Mn w as  u s e d  i n  s p l i t  
a p p l i c a t i o n  t o  a l l e v i a t e  r e a p p e a r a n c e  o f  Mn d e f i c i e n c y  a n d  r e s u l t e d  i n  a 
m e a s u r a b l e  ( b u t  n o n - s i g n i f i c a n t )  i n c r e a s e  i n  s e e d  y i e l d  f o r  t h e  d r i e r  o f  
t h e  t w o  y e a r s  (Y e a r  2) .  The y i e l d  r e s p o n s e s  t o  15.3 and  30.6  kg h a - * o f  
Mn a p p l i e d  t o  t h e  s o i l  w e r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  e a c h  o t h e r  
f o r  t h e  t w o  y e a r s  i n  w h i c h  t h e y  w e r e  a p p l i e d .  H o w e v e r ,  a  s i g n i f i c a n t  
y i e l d  i n c r e a s e  was  m e a s u r e d  t h e  f o l l o w i n g  y e a r  ( Y e a r  4)  f o r  s o y b e a n s  
g r o w i n g  i n  p l o t s  r e c e i v i n g  t h e  h i g h e r  r a t e  o f  s o i l - a p p l i e d  Mn. 
C h a r a c t e r i s t i c s  b e l i e v e d  t o  c o n t r i b u t e  t o  Mn d e f i c i e n c y  o f  s o y b e a n s  
g r o w n  on  I b e r i a  s i l t y  c l a y  i n c l u d e :  (1)  h i g h  e x c h a n g e  c a p a c i t y  and  % 
b a s e  s a t u r a t i o n ;  ( 2 )  s l i g h t l y  a c i d  pH n e a r  t h e  s u r f a c e  a n d  i n c r e a s i n g  pH 
w i t h  d e p t h  (CaCO^ c o n c r e t i o n s  may be f o u n d  a t  r e l a t i v e l y  s h a l l o w  d e p t h  
i n  t h e  p r o f i l e ) ;  ( 3 )  r e l a t i v e l y  h i g h  o r g a n i c  m a t t e r  c o n t e n t ;  a n d  (4 )  
D T P A - T E A - e x t r a c t a b l e  s o i l  Mn o f  3 mg kg~* o r  l e s s .  Mn d e f i c i e n c y  o f  
s o y b e a n s  c a n  be c o r r e c t e d  i n  t h e  f i e l d  w i t h  f o l i a r  a p p l i c a t i o n s  o f  Mn 
c h e l a t e .  H o w e v e r ,  m a i n t e n a n c e  o f  a d e q u a t e  l e v e l s  o f  s o i l  Mn r e s u l t e d
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o n l y  f r o m  s o i l  amm e n d m e n ts  w i t h  MnSO^.S^O. The u se  o f  MnSO^.Sl^O may 
h ave  t h e  a d v a n t a g e s  o f  a p p l i c a t i o n  w i t h  o t h e r  b r o a d c a s t  f e r t i l i z e r  
m a t e r i a l s  and  s u p p l y i n g  Mn t o  t h e  p l a n t  c o n t i n u o u s l y  t h r o u g h  t h e  g r o w i n g  
s e a s o n .  D a ta  f r o m  l e a f  t i s s u e  a n a l y s i s  showed c r i t i c a l  c o n c e n t r a t i o n  o f  
Mn v a r i e d  w i t h  e n v i r o n m e n t a l  c o n d i t i o n s .  F o r  a  " d ry "  g r o w i n g  s e a s o n  
c r i t i c a l  Mn c o n c e n t r a t i o n  I n  l e a f  t i s s u e  was  a p p r o x i m a t e l y  20 mg k g ' * ;  
f o r  a  " w e t"  s e a s o n  t h e  c o n c e n t r a t i o n  was  a p p r o x i m a t e l y  14 mg kg *.
F i e l d  e x p e r i m e n t  ( s u r v e y )
S i x  a d d i t i o n a l  s i t e s  I n  t h e  v i c i n i t y  o f  t h e  p r i m a r y  s i t e  f i e l d  
i n v e s t i g a t i o n  w e r e  s u r v e y e d  t o  d e t e r m i n e  t h e  r e l a t i o n s h i p s  among 
d i f f e r e n t  s o y b e a n  c u l t i v a r s  a n d  s o i l  and t i s s u e  t e s t  d a t a .
D a ta  f ro m  t h e  f i e l d  s u r v e y  e x p e r i m e n t  show ed  p o s s i b l e  Mn d e f i c i e n c y  
a t  one s i t e  ( S i t e  3) among t h e  s i x  a d d i t i o n a l  s i t e s .  C o n d i t i o n s  common 
t o  b o t h  t h i s  a d d i t i o n a l  s i t e  and  t h e  p r i m a r y  s i t e  i n c l u d e d  DTPA-TEA- 
e x t r a c t a b l e  s o i l  Mn <3 mg k g - * , l e a f  t i s s u e  Mn c o n c e n t r a t i o n s  <21 mg k g - *, 
l e a f  t i s s u e  Fe:Mn r a t i o s  >5, and n e u t r a l  s o i l  pH w i t h i n  40 cm o f  t h e  
s u r f a c e .
Mn r a t e  e x p e r i m e n t  ( g r e e n h o u s e )
C e n t e n n i a l  s o y b e a n s  w e r e  g ro w n  I n  t h e  g r e e n h o u s e  on  I b e r i a  s i l t y  
c l a y  t o p s o i l .  R a t e s  o f  s o i l - a p p l i e d  Mn a s  MnSO^.S^O,  27.3% Mn, w e re  0,  
0 . 7 ,  1 . 4 ,  2 . 1 ,  4 . 1 ,  6 . 1 ,  8 . 2 ,  1 0 . 2 ,  1 2 . 3 ,  1 4 . 3 ,  1 6 . 4 ,  a n d  2 0 . 5  mg k g - 1  
s o i l .
Mn d e f i c i e n c y  sy m p to m s  a p p e a r e d  i n  s o y b e a n  p l a n t s  when th e  
c o n c e n t r a t i o n  o f  Mn i n  l e a v e s  + s t e m s  was  <16 mg kg *, t h e  Fe:Mn r a t i o  
o f  l e a v e s  + s t e m s  >3 .4 ,  and t h e  DTPA-TEA-ex t r a c t a b l e  s o i l  Mn was  <1.48 
kg- *. S o i l  m o i s t u r e  was  m a i n t a i n e d  a t  o r  n e a r  t h e  op t im u m  and may
96
h a v e  b e e n  r e s p o n s i b l e  f o r  t h e  l o w e r  D T P A - T E A - e x t r a c t a b l e  s o i l  Mn v a l u e  
o b t a i n e d  i n  g r e e n h o u s e  c u l t u r e  c o m p a r e d  t o  t h e  v a l u e  o b t a i n e d  u n d e r  
f i e l d  c o n d i t i o n s  ( i . e . ,  3 mg k g  1 ) .
M u l t i p l e  n u t r i e n t  e l e m e n t  e x p e r i m e n t  ( g r e e n h o u s e )
C e n t e n n i a l  s o y b e a n s  w e r e  g r o w n  i n  t h e  g r e e n h o u s e  o n  I b e r i a  s i l t y  
c l a y  t o p s o i l .  T r e a t m e n t s  i n c l u d e d :  c o n t r o l ;  0 .5  mg Cu k g - 1  s o i l  a s  
Cu S 0 4 .5H 2 0  ( 2 5 . 2 1  Cu) ; 2 . 5  mg Zn k g ' * 1 a s  Z n S O ^ . f ^ O  (36% Z n ) ;  1 0 . 0  mg Fe 
k g - 1  s o i l  a s  FeS04 .7H2 0 (20% F e ) ;  13.6 mg Mn k g - 1  s o i l  a s  MnS04.3H20 
(2 7 .3 %  Mn) ;  a n d  13 .1  mg P k g - 1  s o i l  a s  C a (H 2 P 0 4 ) 2 .H2 0 (2 4 .6 %  P ) .
T o t a l  p l a n t  w e i g h t  t e n d e d  t o  i n c r e a s e  f o r  t r e a t m e n t s  i n  t h e  
f o l l o w i n g  o r d e r :  Zn < c o n t r o l  < Cu < Fe < Mn < P. The c o n c e n t r a t i o n  o f  
Mn i n  l e a v e s  + s t e m s  t r e n d e d  t o w a r d  a maximum v a l u e  (8 .3  mg kg  1 ) f o r  
M n - t r e a t e d  s o y b e a n s  and t i s s u e  Fe:Mn r a t i o  t r e n d e d  t o w a r d  m in im um  v a l u e  
(4 .7 ) .  The c o n c e n t r a t i o n  o f  Mn i n  l e a v e s  + s t e m s  t e n d e d  t o  d e c r e a s e  i n  
o r d e r  o f  p o t s  r e c e i v i n g  t h e  f o l l o w i n g  n u t r i e n t  e l e m e n t s :  Mn > P > Fe > 
c o n t r o l  > Cu > Zn. C o r r e c t i n g  P d e f i c i e n c y  may h a v e  I n c r e a s e d  t h e  
a v a i l a b i l i t y  o f  Mn due  t o  t h e  s o l u b i l i t y  o f  Mn p h o s p h a t e s .  H o w e v e r ,  P 
t r e a t m e n t  d i d  n o t  c o r r e c t  Mn d e f i c i e n c y  s y m p to m n s .  The d a t a  
c o n v i n c i n g l y  show t h a t  Zn w as  n o t  d e f i c i e n t  f o r  s o y b e a n s  g r o w i n g  on 
I b e r i a  s i l t y  c l a y  e v e n  t h o u g h  D T P A - T E A - e x t r a c t a b l e  Zn w a s  0 .5  mg k g  ^  
C h e m i c a l  s e p a r a t i o n  o f  Mn f r a c t i o n s
I b e r i a  s i l t y  c l a y  w a s  t a k e n  f r o m  p l o t s  u s e d  i n  t h e  p r i m a r y  s i t e  
f i e l d  e x p e r i m e n t  w h i c h  r e c e i v e d  no Mn, t h o s e  w h i c h  r e c e i v e d  t w o  a n n u a l  
a p p l i c a t i o n s  o f  0.4  k g  h a -1  a p p l i e d  t o  s o y b e a n  f o l i a g e  a s  Mn c h e l a t e  
(12% Mn), a n d  t h o s e  w h i c h  r e c e i v e d  tw o  a n n u a l  a p p l i c a t i o n s  o f  30 .6  kg 
h a - 1  a p p l i e d  t o  t h e  s o i l  a s  MnS04 .3H20 ,  27.3% Mn. Two y e a r s  e l a p s e d
97
b e t w e e n  t h e  t i m e  o f  l a s t  Mn a p p l i c a t i o n  a n d  s o i l  s a m p l i n g .  S o i l  Mn was  
s e p a r a t e d  i n t o  c h e m i c a l l y  d i f f e r e n t  f r a c t i o n s  ( o r  p o o l s )  by  s e q u e n t i a l  
e x t r a c t i o n s  w i t h  p r o g r e s s i v e l y  s t r o n g e r  a n d / o r  s e l e c t i v e  r e a g e n t s .  
F r a c t i o n s  w e r e  e x t r a c t e d  i n  t h e  f o l l o w i n g  o r d e r :  (1 )  w a t e r - s o l u b l e  Mn 
e x t r a c t e d  w i t h  w a t e r ;  ( 2 )  e x c h a n g e a b l e  Mn e x t r a c t e d  w i t h  N NH^OAc, pH 
7 .0 ;  (3 )  c h e l a t a b l e  Mn e x t r a c t e d  w i t h  DTPA-TEA, pH 7.3 ;  (4 )  e a s i l y -  
r e d u c l b l e  Mn e x t r a c t e d  w i t h  0.2% a q u e o u s  h y d r o q u l n o n e  f o l l o w e d  by 
e x t r a c t i o n  w i t h  N NH^OAc, pH 7 .0 ;  (5 )  o r g a n i c a l l y  bound  Mn e x t r a c t e d  
f i v e  t i m e s  w i t h  5.3% NaOCl, pH 8 .5 ;  ( 6 )  Mn o x i d e s  e x t r a c t e d  w i t h  0.1 M 
NH2 OH.HCI, pH 2 .0 ;  (7 )  Mn a s s o c i a t e d  w i t h  a m o r p h o u s  Fe o x i d e s  e x t r a c t e d  
w i t h  0 . 2  M ( N H ^ ^ ' O x a l a t e  i n  0 .2  M o x a l i c  a c i d ,  pH 3 . 0 ;  ( 8 )  Mn 
a s s o c i a t e d  w i t h  c r y s t a l l i n e  Fe o x i d e s  e x t r a c t e d  w i t h  0.1 M a s c o r b i c  a c i d  
i n  a b o v e  o x a l a t e  s o l u t i o n ;  and  (9 )  r e s i d u a l  Mn d e t e r m i n e d  i n  HCIO^-HF- 
HC1 d i g e s t .
P l a n t - a v a i l a b l e  s o i l  Mn was  a s s u m e d  t o  r e s i d e  o n l y  i n  t h e  w a t e r -  
s o l u b l e  f r a c t i o n  and t o  be  r e p l e n i s h e d  f r o m  t h e  o t h e r  i d e n t i f i e d  p o o l s .  
Mn a s s o c i a t e d  w i t h  c r y s t a l l i n e  Fe o x i d e  and  t h e  r e s i d u a l  Mn f r a c t i o n  
w e r e  n o t  a f f e c t e d  by e i t h e r  f o l i a r -  o r  s o i l - a p p l i e d  f e r t i l i z e r  Mn. 
H o w e v e r ,  Mn i n  e a c h  o f  t h e  f r a c t i o n s  i n  t h e  s e q u e n c e  f ro m  w a t e r - s o l u b l e  
Mn t o  Mn a s s o c i a t e d  w i t h  a m o r p h o u s  Fe o x i d e s  w as  i n c r e a s e d  f r o m  s o i l -  
a p p l i e d  Mn. Mn a s s o c i a t e d  w i t h  t h e  sum o f  t h e s e  f r a c t i o n s  r e p r e s e n t e d  a 
s u b s t a n t i a l  r e s e r v e  (44% o f  t h e  t o t a l  o f  Mn f r a c t i o n s  c o m p a r e d  t o  29% 
f o r  u n t r e a t e d  s o i l ) .
C l a y  m i n e r a l o g y  o f  I b e r i a  s i l t y  c l a y
P a r t i c l e  s i z e  d i s t r i b u t i o n  o f  t h e  s u r f a c e  s o i l  w as  10% s a n d ,
41% s i l t ,  a n d  48% c l a y .  S i l t  c o n t e n t  i n c r e a s e d  and  s a n d  c o n t e n t
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d e c r e a s e d  w i t h  d e p t h  t o  a p p r o x i m a t e l y  60 cm b e lo w  t h e  s u r f a c e .
T h e r e a f t e r  s a n d  I n c r e a s e d  a n d  s i l t  c o n t i n u e d  t o  i n c r e a s e  a maximum 
m e a s u r e d  d e p t h  o f  99 cm. T o t a l  c o n c e n t r a t i o n  o f  Mn i n  t h e  s o i l  
i n c r e a s e d  a l m o s t  f i v e - f o l d  i n  t h e  46 -  53  cm d e p t h  c o m p a r e d  t o  t h e  24 -  
34 cm d e p t h .  CaCO^ c o n c r e t i o n s  w e r e  f o u n d  a t  a p p r o x i m a t e l y  50  cm b e l o w  
t h e  s o i l  s u r f a c e  and  D T P A - T E A - e x t r a c t a b l e  Mn w as  <3.4  mg kg~* t h r o u g h o u t  
t h e  p r o f i l e .
T o t a l  a n d  p l a n t - a v a i l a b l e  Mn i n  t h e  s u r f a c e  h o r i z o n  o f  I b e r i a  s i l t y  
c l a y  may h a v e  b e e n  d e p l e t e d  t h r o u g h  a  c o m b i n a t i o n  o f  e n v i r o n m e n t a l  
e f f e c t s .  P e r i o d i c  w a t e r l o g g i n g  o f  t h e  s o i l  p r o f i l e  f r o m  r a i n f a l l  a n d / o r  
w a t e r  t a b l e  r i s e  w o u ld  h a v e  i n c r e a s e d  Mn s o l u b i l i t y .  R e l a t i v e l y  h i g h  
a i r  a n d  s o i l  t e m p e r a t u r e s  t h r o u g h o u t  t h e  y e a r  w o u ld  have  p r o m o t e d  
c h e m i c a l  and  m i c r o b i o l o g i c a l  a c t i v i t y .  S u b s e q u e n t  w e a t h e r i n g  o f  Mn- 
c o n t a i n i n g  m i n e r a l s  w o u ld  h a v e  r e l e a s e d  Mn t o  t h e  r e d u c e d  e n v i r o n m e n t .  
A s s u m i n g  n e t  d o w n w a rd  w a t e r  movement i n  t h e  s o i l  p r o f i l e ,  d i s s o l v e d  
n u t r i e n t  e l e m e n t s  w o u ld  h a v e  b een  c a r r i e d  i n t o  h o r i z o n s  o f  I n c r e a s i n g  
pH. A z o n e  o f  p r e c i p i t a t i o n  o f  Mn and  o t h e r  d i s s o l v e d  e l e m e n t s  w o u ld  
h a v e  b e e n  e s t a b l i s h e d  a t  some d e p t h  b e l o w  t h e  s o i l  s u r f a c e ,  w h i c h  a t  
p r e s e n t  i s  l o c a t e d  a t  a p p r o x i m a t e l y  50  cm b e l o w  t h e  s o i l  s u r f a c e .  The 
e l a p s e  o f  t i m e  b e t w e e n  s o i l  d e p o s i t i o n  and  r e c o g n i t i o n  o f  Mn d e f i c i e n c y  
o f  s o y b e a n s  g row n on  I b e r i a  s i l t y  c l a y  w o u ld  d e c r e a s e  w i t h  d e c r e a s i n g  
t o t a l  c o n t e n t  o f  s o i l  Mn a t  t h e  t i m e  o f  d e p o s i t i o n .
Mn was  shown t o  be  e s s e n t i a l  f o r  p h o t o l y s i s  o f  w a t e r  i n  p l a n t s  
( E m e r s o n  a n d  L e w i s ,  1939;  Brow n,  e t  a l . ,  1958;  B o i c h e n k o ,  1968) .  A l s o ,  
a n  a d e q u a t e  s u p p l y  o f  Mn c o n t r i b u t e s  t o  I n c r e a s e d  h e a t  and d r o u g h t
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t o l e r a n c e  ( S h k o l n i k ,  1968) .  I n  g e n e r a l ,  l i m i t a t i o n  o f  Mn s u p p l y  t o  t h e  
p l a n t  h a s  b e e n  a t t r i b u t e d  t o  h i g h  pH and  o x i d i z i n g  c o n d i t i o n s  i n  t h e  
s o i l .  S ym ptom s  o f  Mn d e f i c i e n c y  a p p e a r e d  i n  s o y b e a n s  g r o w i n g  on I b e r i a  
s i l t y  c l a y  d u r i n g  a  " d r y i n g "  c y c l e .  The  d a r k  c o l o r  o f  t h i s  s o i l  may 
h a v e  c o n t r i b u t e d  t o  g e n e r a l l y  h i g h e r  s o i l  and a i r  t e m p e r a t u r e s  i n  t h e  
s o y b e a n  p l a n t  e n v i r o n m e n t .  S o y b e a n  p l a n t s  may h a v e  e x p e r i e n c e d  r e d u c e d  
l e v e l s  o f  a v a i l a b l e  Mn a s  t h e  s o i l  d r i e d ,  and  p l a n t  r e q u i r e m e n t  f o r  Mn 
may h a v e  I n c r e a s e d  a s  d r o u g h t  and  w a t e r  s t r e s s  b e c a m e  m o re  s e v e r e .
I n  c o n c l u s i o n ,  c o n d i t i o n s  a s s o c i a t e d  w i t h  Mn d e f i c i e n c y  o f  
s u s c e p t i b l e  s o y b e a n s  g r o w i n g  on m o d e r a t e l y  o l d  s o i l s  o f  t h e  M i s s i s s i p p i  
R i v e r  f l o o d p l a i n  i n  s o u t h e r n  L o u i s i a n a  I n c l u d e :  (1 )  m o d e r a t e l y  a c i d  t o  
a l k a l i n e  s u r f a c e  h o r i z o n  and  i n c r e a s i n g  pH w i t h  d e p t h ,  ( 2 )  h i g h  e x c h a n g e  
c a p a c i t y  and  b a s e  s a t u r a t i o n  e x c e e d i n g  a p p r o x i m a t e l y  70%, (3 )  DTPA-TEA- 
e x t r a c t a b l e  s o i l  Mn < 3.0 mg k g - *,  (4)  s o i l  o r g a n i c  m a t t e r  > 2.3%, (5 )  
c o n c e n t r a t i o n  o f  Mn i n  t o p ,  m a t u r e  t r i f o l i o l a t e  t i s s u e  < 14 mg kg *,  ( 6 )  
l e a f  t i s s u e  Fe:Mn r a t i o  > 3 .4 ,  and  (7)  p r e d o m i n a n t l y  d r y  s o i l  c o n d i t i o n s .
L o c a t i o n s  and  s o i l  t y p e s  I n  s o u t h e r n  L o u i s i a n a  w h ic h  may e x h i b i t  Mn 
d e f i c i e n c y  i n  some c u l t i v a r s  o f  s o y b e a n s  a r e  p r o b a b l y  f e w  i n  num ber  and  
r e s t r i c t e d  t o  s m a l l  a r e a s .  H o w e v e r ,  w hen  Mn d e f i c i e n c y  o c c u r s ,  t h e  
f i n a n c i a l  e f f e c t  on t h e  p r o d u c e r  c a n  be  v e r y  s e v e r e .
B a s i c  r e s e a r c h  i n t o  t h e  m e c h a n i s m  a n d  k i n e t i c s  o f  Mn a v a i l a b i l i t y  
i n  I b e r i a  s i l t y  c l a y  i s  n e e d e d .  R e s u l t s  o f  s u c h  r e s e a r c h  may i d e n t i f y  
p r o c e s s e s  w h i c h  d i s t i n g u i s h  t h e  b e h a v i o r  o f  Mn i n  t h i s  s o i l  f r o m  i t s  
b e h a v i o r  I n  o t h e r  s o i l s  o f  t h e  s o u t h e r n  r e g i o n  ( R o b e r t s o n  e t  a l . ,  1973;  
K a m p r a t h ,  1974 ;  B o s w e l l  e t  a l . , 1981;  1985;  G e t t i e r  e t  a l . , 1985;  
M a s c a g n i  and  Cox,  1985 ;  Ohki e t  a l . ,  1987)  o r  t h e  M id w e s t  ( R a n d a l l  e t
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a l .  , 1975)  and s u b s e q u e n t  u p ta k e  by th e  so y b ea n  p l a n t .
W h i l e  s o i l  m i c r o b i o l o g i c a l  p r o c e s s e s  w e r e  n o t  d i r e c t l y  a d d r e s s e d  i n  
t h i s  i n v e s t i g a t i o n ,  t h e r e  a p p e a r s  t o  be  s u f f i c i e n t  e v i d e n c e  i n  t h e  
l i t e r a t u r e  t o  w a r r a n t  f u r t h e r  s t u d y .
A d d i t i o n a l  f i e l d  r e s e a r c h  i s  n e e d e d  t o  i d e n t i f y  p o t e n t i a l  a r e a s  o f  
p o s s i b l e  Mn d e f i c i e n c y  i n  s o y b e a n s ,  t o  i d e n t i f y  c u l t i v a r s  t o l e r a n t  t o  
l o w  l e v e l s  o f  a v a i l a b l e  s o i l  Mn, and  t o  e s t a b l i s h  c r i t i c a l  l e v e l s  o f  Mn 
i n  p l a n t  t i s s u e  a n d  i n  s o i l  e x t r a c t a n t s .  P o t e n t i a l  a r e a s  o f  p o s s i b l e  Mn 
d e f i c i e n c y  i n  s o y b e a n s  i n  L o u i s i a n a  may be  i d e n t i f i e d  t h r o u g h  a  s u r v e y  
o f  s o i l  s a m p l e s  r e c e i v e d  i n  t h e  LSI) S o i l  T e s t i n g  L a b o r a t o r y ,  s u r v e y  o f  
c o u n t y  a g e n t s ,  a n d  c o n s u l t a t i o n  w i t h  t h e  S o i l  C o n s e r v a t i o n  S e r v i c e .
F i e l d  a n d  g r e e n h o u s e  r e s e a r c h  i s  n e e d e d  t o  d e t e r m i n e  i n t e r a c t i o n s  
among n u t r i e n t  e l e m e n t s  ( e s p e c i a l l y  P,  Zn, and  Mn) f o r  s o y b e a n s  g r o w i n g  
on  I b e r i a  s i l t y  c l a y .
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